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INTEL 

Intel was organized in 1968 to exploit the rapidly 
growing technology of Integrated Electronics, from 
whence the corporation derives its name. During 
its brief history it has become the world's largest 
supplier of MOS circuits, and is in the top ten 



producers of all semiconductor devices. 
This data catalog covers most Intel standard 
component, memory system and microcomputer 
development system products. For a list of other 
Intel literature, see page 12-10. 



On the cover 

1 . The 8080A 8-bit, N-Channel microprocessor has become 
the first industry standard MPU. The full MCS-80 family 
is detailed in Section 8, including the M8080A, which 
operates over the full — 55°Cto +125°C temperature 
range. 

2. Intel memory leadership continues in 1976 with 
the 2115 60 ns 1K RAM and 2116 16K Dynamic 
RAM (Section 2) and 2708 8K erasable and 
electrically reprogrammable Read-Only-Memory 
(Sections). 

3. The Intellec MDS, with In- 
Circuit-Emulator (ICE) allows 
quick design and debug of micro- 
computer systems. See Section 
10 for a full description. 

4. Intel's 2416 16KCCD Serial 
Memory makes practical megabit 
single card memories such as 
shown here. See Section 4 for 
details of the device, Section 6 
for complete memory systems 

5. Intel delivers complete 
microcomputer support 
software manuals and 
training. See Section 10 
for details. 
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1101A 


256 X 1 MOS RAM 


2-4 


2401 


1101A1 


256x1 MOS RAM 


2-4 




1103 


1024 X 1 Dynamic MOS RAM 


2-8 


2405 


1103-1 


1024 X 1 Dynamic MOS RAM 


2-13 


2416 


1103A 


1024 X 1 Dynamic MOS RAM 


2-16 


2704 


1103A-1 


1024x1 Dynamic MOS RAM 


2-21 


2708 


1103A-2 


1024 X 1 Dynamic MOS RAM 


2-26 


3001 


1302 


256 X 8 MOS ROM 


3-5 


M3001 


1402 A 


Quad 256-Bit Dynamic Shift Register 


4-3 


3002 


1403A 


Dual 512-Bit Dynamic Shift Register 


4-3 


M3002 


1404A 


1024-Bit Dynamic Shift Register 


4-3 


3003 


1405A 


512-Bit Dynamic Recirculating Shift Register 


4-7 


M3003 


1702A 


256 X 8 MOS Erasable PROM 


3-9 


3101 


1702AL 


256 X 8 MOS Erasable PROM 


3-13 


3101A 


1702A-2 


256 X 8 MOS Erasable PROM 


3-9 


M3101 


1702AL-2 


256 X 8 MOS Erasable PROM 


3-13 


M3101A 


1702A-6 


256 X 8 MOS Erasable PROM 


3-9 


3104 


2101 


256 X 4 MOS RAM 


2-34 


3106 


2101-1 


256 X 4 MOS RAM 


2-34 


3106A 


2101-2 


256 X 4 MOS RAM 


2-34 


3106-8 


2101A 


256 X 4 MOS RAM 


2-30 


3107 


2101A-2 


256 X 4 MOS RAM 


2-30- 


3107A 


2101A-4 


256 X 4 MOS RAM 


2-30 


3107-8 


2102A 


1024 X 1 MOS RAM 


2-38 


3205 


2102A-2 


1024 X 1 MOS RAM 


2-38 


3207A 


2102A-4 


1024 X 1 MOS RAM 


2-38 


3207A-1 


2102A-6 


1024 X 1 MOS RAM 


2-38 


3208A 


2102AL 


1024 X 1 MOS RAM 


2-38 


3212 


2102AL-2 


1024 X 1 MOS RAM 


2-38 


M3212 


2102AL-4 


1024 X 1 MOS RAM 


2-38 


3214 


M2102A-4 


1024 X 1 MOS RAM, Military Temperature 


2-42 


M3214 


M2102A-6 


1024 X 1 MOS RAM. Military Temperature 


2-42 


3216 


2104 


4096 X 1 Dynamic MOS RAM 


2-44 


3222 


2104-2 


4096 X 1 Dynamic MOS RAM 


2-44 


3226 


2104-4 


4096 X 1 Dynamic MOS RAM 


2-44 


M3216 


2107A 


4096 X 1 Dynamic MOS RAM 


2-52 


M3226 


2107A-1 


4096 X 1 Dynamic MOS RAM 


2-52 


3232 


2107A-4 


4096 X 1 Dynamic MOS RAM 


2-52 




2107A-5 


4096 X 1 Dynamic MOS RAM 


2-52 


3242 


2107B 


4096 X 1 Dynamic MOS RAM 


2-58 




2107B-4 


4096 X 1 Dynamic MOS RAM 


2-58 


3245 


2107B-6 


4096 X 1 Dynamic MOS RAM 


2-58 


3246 


2111 


256 X 4 MOS RAM 


2-68 


3301 A 


2111-1 


256 X 4 MOS RAM 


2-68 


M3301A 


2111-2 


256x4 MOS RAM 


2-68 


3302A 


2111A 


256 X 4 MOS RAM 


2-64 


3302A-4 


2111A-2 


256 X 4 MOS RAM 


2-64 


3302AL6 


2111A-4 


256 X 4 MOS RAM 


2-64 


3304A 


2112 


256 X 4 MOS RAM 


2-77 


3304A-4 


2112-2 


256 X 4 MOS RAM 


2-77 


3304AL6 


2112A 


256 X 4 MOS RAM 


2-72 


3322A 


2112A-2 


256 X 4 MOS RAM 


2-72 


3322A-4 


2112A-4 


256 X 4 MOS RAM 


2-72 


3322AL6 


2115 


1024 X 1 MOS RAM 


2-81 


3324A 


2115-2 


1024 X 1 MOS RAM 


2-81 


3324A-4 


2115L 


1024 X 1 MOS RAM 


2-81 


3404 


2116 


16K X 1 Dynamic MOS RAM 


2-86 


3408A 


2125 


1024 X 1 MOS RAM 


2-81 


3601 


2125-2 


1024 X 1 MOS RAM 


2-81 


3601-1 


2125L 


1024x1 MOS RAM 


2-81 


M3601 


2308 


1024 X 8 MOS ROM 


3-16 


3602 


2316A 


2048 X 8 MOS ROM 


3-20 


3602-4 
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3602L-6 


512 X 4 Schottky PROM 


3-43 


8212 


8-Bit I/O Port 


8-75 


3604 


512 X 8 Schottky PROM 


3-46 


8214 


Priority Interrupt Control Unit 


8-92 


3604-4 


512 X 8 Schottky PROM 


3-46 


8216 


4-Bit Bi-Directional Bus Driver 


8-96 


3604L-6 


512 X 8 Schottky PROM 


3-46 


8222 


Dynamic RAM Refresh Controller 


8-74 


3621 


256 X 4 Schottky PROM 


3-37 


8224 


8080 Clock Generator 


8-25 


3621-1 


256 X 4 Schottky PROM 


3-37 


8226 


4-Bit Bi-Directional Bus Driver 


8-96 


3622 


512 X 4 Schottky PROM 


3-43 


8228 


System Controller for 8080 


8-29 


3622-4 


512 X 4 Schottky PROM 


3-43 


8238 


System Controller for 8080 


8-29 


3622L-6* 


512 X 4 Schottky PROM 


3-43 


8251 


Programmable Communcation Interface 


8-85 


3624 


512 X 8 Schottky PROM 


3-46 


8255 


Programmable Peripheral Interface 


8-79 


3624-4 


512 X 8 Schottky PROM 


3-46 


8302 


256 X 8 MOS ROM 


8-46 


M3604 


512 X 8 Schottky PROM, Mil Temp 


3-49 


8308 


IK X 8 MOS ROM 


8-49 


M3604-6 


512 X 8 Schottky PROM, Mil Temp 


3-49 


8316A 


2K X 8 MOS ROM 


8-52 


3605 


1024 X 4 Schottky PROM 


3-52 


8253 


Programmable Interval Timer 


8-100 


3605-1 


1024^x 4 Schottky PROM 


3-52 


8257 


Programmable DMA Controller 


8-102 


M3624 


512 X 8 Schottky PROM, Mil Temp 


3-49 


8259 


Programmable Interrupt Controller 


8-104 


3625 


1024 X 4 Schottky PROM 


3-52 


8702A 


256 X 8 MOS PROM 


8-40 


3625-1 


1024 X 4 Schottky PROM 


3-52 


8708 


IK X 8 MOS PROM 


8-43 


4001 


256 X 8 ROM with 4-Bit I/O for 4040/4004 


7-85 


Barebones 80 


10-25 


4002 


320 Bit RAM with 4-Bit I/O 


7-76 


CROMIS 


Series 3000 Microprogramming System 


10-45 


4003 


10 Bit Serial In-Parallel Out Shift Register 


7-18 


Development Systems 


10-2 


4004 


4-Bit Microprocessor 


7-11 


Diskette Operating System — MDS 
European Marketing Offices 


10-8 
Inside Cover 


4008 


Address Latch for 4040/4004 


7-59 


Functional Index 


1-5 


4009 


I/O Device for 4040/4004 


7-59 


High Speed Paper Tape Reader — MDS 


10-14 


4040 


4-Bit Microprocessor 


7-4 


High Speed Paper Tape Reader 4/M0D/40 


10-28 


4101 


256 X 4 MOS RAM 


7-82 


High Speed Paper Tape Reader 8/MOD/80 


10-24 


4201 


4040 Clock Generator 


7-53 


imm 4-22 


Instruction/Data Storage Module 


10-31 


4265 


Programmable I/O for 4040/4004 


7-22 


imm 4-24 


Data Storage Module 


10-31 


4269 


Programmable Keyboard/Display Interface 


7-39 


imm 4-42 


Central Processor Module 


10-31 




for 4040/4004 




imm 4-43 


Cental Processor Module 


10-31 


4289 


4040/4004 Memory Interface 


7-65 


imm 4-60 


Input/Output Module 


10-31 


4308 


1024 X 8 ROM with 16-Bit I/O for 4040/4004 


7-94 


imm 6-26 


PROM Memory Module 


10-33 


4316A 


2048 X 8 MOS ROM 


7-104 


imm 6-28 


RAM Memory Module 


10-33 


4702A 


256 X 8 MOS PROM 


7-107 


imm 6-70 


Universal Prototype Module 


10-33 


5101 


256 X 4 CMOS RAM 


2-101 


imm 6-72 


Module Extender 


10-33 


5101-1 


256 X 4 CMOS RAM 


2-101 


imm 6-76 


PROM Programmer Module 


10-33 


5101-3 


256 X 4 CMOS RAM 


2-101 


imm 8-60 


Input/Output Module (8008) 


10-32 


5101-8 


256 X 4 CMOS RAM 


2-101 


imm 8-61 


Input/Output Module (8080) 


10-32 


5101L 


256 X 4 CMOS RAM 


2-101 


imm 8-62 


Output Module (8008) 


10-32 


5101L-1 


256 X 4 CMOS RAM 


2-101 


imm 8-63 


Output Module (8080) 


10-32 


5101L-3 


256 X 4 CMOS RAM 


2-101 


imm 8-82 


Central Processor Module (8008) 


10-32 


5234 


Quad CMOS to MOS Driver for 4K RAMs 


5-38 


imm 8-83 


Central Processor Module (8080) 


10-32 


5235 


Quad Low Power TTL to MOS Driver for 


5-42 


in-10 


RAM System 


6-4 




4K RAMs 




in-26 


RAM System 


6-6 


5235-1 


High Speed Quad Low Power TTL to MOS 


5-42 


in-40 


RAM System 


6-8 




Driver for 4K RAMs 




in-50 


RAM System 


6-10 


5244 


Quad CCD Driver 


5-46 


in-60 


Serial Memory System 


6-12 


5810A 


Single Chip T/S/D Watch Circuit 


11-2 


in-64 


Serial Memory System 


6-14 


8008 


8-Bit Central Processor 


8-33 


in-65 


Serial Memory System 


6-16 


8008-1 


8-Bit Central Processor 


8-33 


in-4711 


PDP-11 Add-in 


6-18 


8080A 


8-Bit Central Processor 


8-5 


in-4716 


Interdata 7/16 and 7/32 Add-in 


6-20 


8080A-1 


8-Bit Central Processor 


8-12 


in-477 


CRT Refresh Memory 


6-22 


8080A-2 


8-Bit Central Processor 


8-16 


in-481 


8008, 8080 RAM Memory 


6-24 


M8080A 


8-Bit Central Processor, Mil Temp 


8-20 


In Circuit Emulator - ICE-30 MDS 


10-18 


8101-2 


256x4 MOS RAM 


8-54 


In Circuit Emulator — ICE-80 MDS 


10-15 


8101A-4 


256x4 MOS RAM 


8-57 


Intel Sales Offices 


12-13 


8102A-4 


IK X 1 MOS RAM 


8-66 


Intellec® MDS-800 


10-3 


8107B-4 


4Kx 1 Dynamic MOS RAM 


8-69 


Intellec 4/MOD 40 


10-27 


8111-2 


256 x 4 MOS RAM 


8-60 


Intellec 8/MOD 8 


10-23 


8111A-4 


256x4 MOS RAM 


8-63 


Intellec Systems 


10-2 


8205 


One of Eight Decoder 


8-89 


International Distributors 


Inside Cover 








INTERP 8 


8008 Simulator 


10-40 
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INTERP 40 


4004/4040 Simulator 


10-39 


INTERP 80 


8080 Simulator 


10-42 


Literature Available 


12-10 


Literature Request Card Inside Cover 


M2102A-4 


1024 X 1 MOS RAM, Mil Temp 


2-42 


M2102A-6 


1024x1 MOS RAM, Mil Temp 


2-42 


M3001 


Microprogram Control Unit, Mil Temp 


9-10 


M3002 


Central Processing Element, Mil Temp 


9-18 


M3003 


Look-Ahead Carry Generator, Mil Temp 


9-24 


M3101 


16 X 4 Schottky RAM, Mil Temp 


2-91 


M3101A 


16 X 4 Schottky RAM, Mil Temp 


2-91 


M3212 


Multi-Mode Latch Buffer, Mil Temp 


9-31 


M3214 


Interrupt Control Unit, Mil Temp 


9-40 


M3216 


Parallel Bi-Directional Bus Driver, Mil Temp 


9-47 


M3226 


Parallel Bi-Directional Bus Driver, Mil Temp 


9-47 


M3301A 


256 X 4 Schottky ROM, Mil Temp 


3-29 


M3601 


256 X 4 Schottky PROM, Mil Temp 


3-41 


M3604 


512 X 8 Schottky PROM, Mil Temp 


3-49 


M3604-6 


512 X 8 Schottky PROM, Mil Temp 


3-49 


M3624 


512 X 8 Schottky PROM, Mil Temp 


3-49 


MAC 8 


MCS-8^" Cross-Assembler 


10-38 


MAC 40 


Microcomputer Software Products 


10-36 


MCS 4/40 


Workshop 


10-62 


MCS-4/40 


4040 Prototype Systems 


7-110 


MAC 40 


MCS-40™ Cross-Assembler 


10-37 


MAC 80 


MCS-80™ Cross-Assembler 


10-41 


MCS-80 


Workshop 


10-60 


Memory Support Circuit Selector Guide 


5-2 


Memory System Selector Guide 


6-2 



Memory System Accessories 

Memory System Custom Boards 

Memory System Cabinets 

Memory System Chassis 

Memory System Power Supplies 

Microcomputer Modules 

Module Conversion Kit 

MOS RAM Selector Guide 

MOS ROM/PROM Selector Guide 

Ordering Information 

Orient Marketing Offices 

Packaging Information 

PL/M™ Cross Compiler 

PL/M™ Workshop 

PROM Programming Instructions 

ROM Simulators — MDS 

SBC 80/10 OEM Computer System 
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Standard Processing Specification 

Training Programs 

Universal PROM Programmer — MDS 
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STATIC MOS RAMs 
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SCHOTTKY RAMs 
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MOS RAM SELECTOR GUIDE 


2-2 


3101 


16x4 Schottky RAM 


2-87 


1101A 


256 X 1 MOS RAM 


2-4 


3101A 


16 X 4 Schottky RAM 


2-87 


1101A1 


256 X 1 MOS RAM 


2-4 


M3101 


16x4Schottky RAM, Mil Temp 


2-91 


2101A 


256 X 4 MOS RAM 


2-30 


M3101A 


16 X 4 Schottky RAM, Mil Temp 


2-91 


2101A-2 


256 X 4 MOS RAM 


2-30 


3104 


4x4 Schottky RAM 


2-93 


2101A-4 


256 X 4 MOS RAM 


2-30 


3106 


256 X 1 Schottky RAM 


2-97 


2101 


256 X 4 MOS RAM 


2-34 


3106A 


256 X 1 Schottky RAM 


2-97 


2101-1 


256 X 4 MOS RAM 


2-34 


3106-8 


256 X 1 Schottky RAM 


2-97 


2101-2 


256 X 4 MOS RAM 


2-34 


3107 


256 X 1 Schottky RAM 


2-97 


2102A 


1024 X 1 MOS RAM 


2-38 


3107A 


256 X 1 Schottky RAM 


2-97 


2102A-2 


1024 X 1 MOS RAM 


2-38 


3107-8 


256 X 1 Schottky RAM 


2-97 


2102A-4 


1024 X 1 MOS RAM 


2-38 








2102A-6 


1024x1 MOS RAM 


2-38 








2102AL 


1024 X 1 MOS RAM 


2-38 








2102AL-2 


1024 X 1 MOS RAM 


2-38 








2102AL-4 


1024 X 1 MOS RAM 


2-38 








M2102A-4 


1024 X 1 MOS RAM, Mil Temp 


2-42 


PROGRAMMABLE READ ONLY MEMORIES (PROMs) 




M2102A-6 


1024 X 1 MOS RAM, Mil Temp 


2-42 








2111A 


256 X 4 MOS RAM 


2-64 


MOS PROMs 






2111A-2 


256 X 4 MOS RAM 


2-64 


MOS ROM/PROM SELECTOR GUIDE 


3-2 


2111A-4 


256 X 4 MOS RAM 


2-64 


1702 A 


256 X 8 MOS Erasable PROM 


3-9 


2111 


256 X 4 MOS RAM 


2-68 


1702AL 


256 X 8 MOS Erasable PROM 


3-13 


2111-1 


256 X 4 MOS RAM 


2-68 


1702A-2 


256 X 8 MOS Erasable PROM 


3-9 


2111-2 


256 X 4 MOS RAM 


2-68 


1702AL-2 


256 X 8 MOS Erasable PROM 


3-13 


2112A 


256 X 4 MOS RAM 


2-72 


1702A-6 


256 X 8 MOS Erasable PROM 


3-9 


2112A-2 


256 X 4 MOS RAM 


2-72 


2704 


512 X 8 MOS Erasable PROM 


3-23 


2112A-4 


256 X 4 MOS RAM 


2-72 


2708 


1024 X 8 MOS Erasable PROM 


3-23 


2112 


256 X 4 MOS RAM 


2-77 


PROM PROGRAMMING INSTRUCTIONS 


3-55 


2112-2 


256 X 4 MOS RAM 


2-77 








2115 


1024 X 1 MOS RAM 


2-81 


SCHOTTKY PROMs 




2115-2 
2115L 


1024 X 1 MOS RAM 
1024 X 1 MOS RAM 


2-81 
2-81 


SCHOTTKY ROM/PROM SELECTOR GUIDE 
SCHOTTKY PROM CROSS REFERENCE 


3-3 
3-4 


2125 

2125-2 

2125L 


1024 X 1 MOS RAM 
1024 X 1 MOS RAM 
1024x1 MOS RAM 


2-81 
2-81 
2-81 


3601 

3601-1 

M3601 


256 X 4 Schottky PROM 
256 X 4 Schottky PROM 
256 X 4 Schottky PROM, Mil Temp 


3-37 
3-37 
3-41 


DYNAMIC MOS RAMs 




3621 


256 X 4 Schottky PROM 


3-37 








3621-1 


256 X 4 Schottky PROM 


3-37 


1103 


1024 X 1 Dynamic MOS RAM 


2-8 


3602 


512 X 4 Schottky PROM 


3-43 


1103-1 


1024 X 1 Dynamic MOS RAM 


2-13 


3602-4 


512 X 4 Schottky PROM 


3-43 


1103A 


1024 X 1 Dynamic MOS RAM 


2-16 


3202L-6 


512 X 4 Schottky PROM 


3-43 


1103A-1 


1024 X 1 Dynamic MOS RAM 


2-21 


3622 


512 X 4 Schottky PROM 


3-43 


1103A-2 


1024 X 1 Dynamic MOS RAM 


2-26 


3622-4 


512 X 4 Schottky PROM 


3-43 


2104 


4096 X 1 Dynamic MOS RAM 


2-44 


3622L-6 


512 X 4 Schottky PROM 


3-43 


2104-2 


4096 X 1 Dynamic MOS RAM 


2-44 


3604 


512 X 8 Schottky PROM 


3-46 


2104-4 


4096 X 1 Dynamic MOS RAM 


2-44 


3604-4 


512 X 8 Schottky PROM 


3-46 


2107A 


4096 X 1 Dynamic MOS RAM 


2-52 


3604L-6 


512 X 8 Schottky PROM 


3-46 


2107A-1 


4096 X 1 Dynamic MOS RAM 


2-52 


3624 


512 X 8 Schottky PROM 


3-46 


2107A-4 


4096 X 1 Dynamic MOS RAM 


2-52 


3624-4 


512 X 8 Schottky PROM - 


3-46 


2107A-5 


4096 X 1 Dynamic MOS RAM 


2-52 


M3604 


512 X 8 Schottky PROM, Mil Temp 


3-49 


2107B 


4096 X 1 Dynamic MOS RAM 


2-58 


M3604-6 


512x8 Schottky PROM, Mil Temp 


3-49 


2107B-4 


4096 X 1 Dynamic MOS RAM 


2-58 


3605 


1024x4 Schottky PROM 


3-52 


2107B-6 


4096 X 1 Dynamic MOS RAM 


2-58 


3605-1 


1024x4 Schottky PROM 


3-52 


2116 


16K X 1 Dynamic MOS RAM 


2-86 


M3624 


512 x 8 Schottky PROM, Mil Temp 


3-49 


CMOS RAMs 






3625 


1024 X 4 Schottky PROM 


3-52 








3625-1 


1024 X 4 Schottky PROM 


3-52 


5101 


256 X 4 CMOS RAM 


2-101 


PROM PROGRAMMING INSTRUCTIONS 


3-55 


5101-1 


256 X 4 CMOS RAM 


2-101 








5101-3 


256 X 4 CMOS RAM 


2-101 








5101-8 


256 X 4 CMOS RAM 


2-101 








5101L 


256 X 4 CMOS RAM 


2-101 








5101L-1 


256 X 4 CMOS RAM 


2-101 








5101L-3 


256 X 4 CMOS RAM 


2-101 
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FUNCTIONAL INDEX 



READ ONLY MEMORIES (ROMs) 




MOS ROMs 




PAGE 


1302 


256 X 8 MOS ROM 


3-5 


2308 


1024 X 8 MOS ROM 


3-16 


2316A 


2048 X 8 MOS ROM 


3-20 


SCHOTTKY ROMs 




3301A 


256 X 4 Schottky ROM 


3-26 


M3301A 


256 X 4 Schottky ROM, Mil Temp 


3-29 


3302A 


512 X 4 Schottky ROM 


3-31 


3302A-4 


512 X 4 Schottky ROM 


3-31 


3302AL6 


512 X 4 Schottky ROM 


3-31 


3322A 


512 X 4 Schottky ROM 


3-31 


3322A-4 


512 X 4 Schottky ROM 


3-31 


3322AL6 


512 X 4 Schottky ROM 


3-31 


3304A 


512 X 8 Schottky ROM 


3-34 


3304A-4 


512 X 8 Schottky ROM 


3-34 


3304AL6 


512 X 8 Schottky ROM 


3-34 


3324A 


512 X 8 Schottky ROM 


3-34 


3324A-4 


512 X 8 Schottky ROM 


3-34 



SERIAL MEMORIES 

SERIAL MEMORY SELECTOR GUIDE 

1402A Quad 256-Bit Dynamic Shift Register 

1403A Dual 512-Bit Dynamic Shift Register 

1404A 1024-Bit Dynamic Shift Register 

1405A 512-Bit Dynamic Recirculating Shift Register 

2401 Dual 1024-Bit Dynamic Recirculating Shift Reg. 

2405 1024-Bit Dynamic Recirculating Shift Reg. 

2416 16K GOD Serial Memory 



MEMORY SUPPORT CIRCUITS 

MEMORY SUPPORT CIRCUIT SELECTOR GUIDE 

3205 1 of 8 Binary Decoder 

3207A Quad Bipolar to MOS Level Shifter and Driver 

3207 A-1 Quad Bipolar to MOS Level Shifter and Driver 

3208A Hex Sense Amp for MOS Memories 

3222 4K Dynamic RAM Refresh Controller 

3232 4K Dynamic RAM Address Multiplexer and 

Refresh Counter 
3242 16K Dynamic RAM Address Multiplexer and 

Refresh Counter 

3245 Quad HL to MOS Driver for 4K RAMs 

3246 Quad ECL to MOS Driver for 4K RAMs 
3404 High Speed 6-Bit Latch 
3408A Hex Sense Amp and Latch for MOS Memories 

5234 Quad CMOS to MOS Driver for 4K RAMs 

5235 Quad Low Power TTL to MOS Driver for 4K RAMs 5-42 
5235-1 High Speed Quad Low Power TTL to MOS 5-42 

Driver for 4K RAMs 
5244 Quad CCD Driver 5-46 



MEMORY SYSTEMS 

MEMORY SYSTEM SELECTOR GUIDE 

in-10 RAM System 

in-26 RAM System 

in-40 RAM System 

in-50 RAM System 

in-60 Serial Memory System 

in-64 Serial Memory System 

in-65 Serial Memory System 

in-4711 PDP-11 Add-in 

in-4716 Interdata 7/16 and 7/32 Add-in 

in-477 CRT Refresh Memory 

in-481 8008, 8080 RAM Memory 

Memory System Custom Boards 

Memory System Cabinets 

Memory System Chassis 

Memory System Power Supplies 

Memory System Accessories 



MCS-40^" MICROCOMPUTER SYSTEM 



8302 256 X 8 MOS ROM 

8308 IK X 8 MOS ROM 

8316A 2K X 8 MOS ROM 

8101-2 256 X 4 MOS RAM 

8101A-4 256 X 4 MOS RAM 

8111-2 256x4 MOS RAM 

8111A-4 256x4 MOS RAM 

8102A-4 IK X 1 MOS RAM 

8107B-4 4K X 1 Dynamic MOS RAM 

8222 Dynamic RAM Refresh Controller 

8212 8-Bit I/O Port 



PAGE 

6-2 
6-4 
6-6 
6-8 
6-10 
6-12 
6-14 
6-16 
6-18 
6-20 
6-22 
6-24 
6-26 
6-27 
6-28 
6-29 
6-30 





4001 


256x8 ROM with 4-Bit I/O 


7-85 




4002 


320 Bit RAM with 4-Bit I/O 


7-76 




4003 


10-Bit Serial In-Parallel Out Shift Register 


7-18 


4-2 


4004 


4-Bit Microprocessor 


7-11 


4-3 


4008 


Address Latch for 4040/4004 


7-59 


4-3 


4009 


I/O Device for 4040/4004 


7-59 


4-3 


4040 


4-Bit Microprocessor 


7-4 


4-7 


4101 


256 X 4 MOS RAM 


7-82 


4-11 


4201 


4040 Clock Generator 


7-53 


4-11 


4265 


Programmable I/O for 4040/4004 


7-22 


4-15 


4269 


Programmable Keyboard/Display Interface for 
4040/4004 


7-39 




4289 


4040/4004 Memory Interface 


7-65 




4308 


1024 X 8 ROM with 16-Bit I/O for 4040/4004 


7-94 




4316A 


2048 X 8 MOS ROM 


7-104 




4702A 


256 X 8 MOS PROM 


7-107 


5-2 


MCS-4/40 


Workshop 


10-62 


5-3 

5-7 

5-11 








5-13 


MCS-80™ 


MICROCOMPUTER SYSTEM 




5-19 
5-25 


8080A 


8-Bit Central Processor 


8-5 


8080A-1 


8-Bit Central Processor 


8-12 


5-29 


8080A-2 


8-Bit Central Processor 


8-16 




M8080A 


8-Bit Central Processor, Mil Temp 


8-20 


5-30 


8224 


8080 Clock Generator 


8-25 


5-34 


8228.8238 


System Controller for 8080 


8-29 


5-3 


8008,8008-1 8-Bit Central Processor 


8-33 


5-13 


8702A 


256 X 8 MOS PROM 


8-40 


5-38 


8708 


IK X 8 MOS PROM 


8-43 



8-46 
8-49 
8-52 
8-54 
8-57 
8-60 
8-63 
8-66 
8-69 
8-74 
8-75 
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8255 

8251 

8205 

8214 

8216,8226 

8253 

8257 

8259 



MCS-80 Workshop 



MICROCQIVIPUTER SYSTEM (continued) 

Programmable Peripheral Interface 
Programmable Communication Interface 
One of Eight Decoder 
Priority Interrupt Control Unit 
4-Bit Bi-Directional Bus Driver 
Programmable Interval Timer 
Programmable DMA Controller 
Programmable Interrupt Controller 



SERIES 3000 BIPOLAR MICROCOMPUTER SYSTEM 

3001 

M3001 

3002 

M3002 

3003 

M3003 

3212 

M3212 

3214 

M3214 

3216,3226 



Microprogram Control Unit 
Microprogram Control Unit, Mil Temp 
Central Processing Element 
Central Processing Element, Mil Temp 
Look-Ahead Carry Generator 
Look-Ahead Carry Generator, Mil Temp 
Multi-Mode Latch Buffer 
Multi-Mode Latch Buffer, Mil Temp 
Interrupt Control Unit 
Interrupt Control Unit, Mil Temp 
Parallel Bi-Directional Bus Driver 

M3216,M3226 Parallel Bl-Directional Bus Driver, Mil Temp 

Series 3000 Workshop 



MICROCOMPUTER MODULES 



SBC 


80/10 


imm 


4-22 


imm 


4-24 


imm 


4-42 


imm 


4-43 


imm 


4-60 


Imm 


6-26 


Imm 


6-28 


Imm 


6-70 


imm 


6-72 


Imm 


6-76 


imm 


8-60 


Imm 


8-61 


Imm 


8-62 


Imm 


8-63 


imm 


8-82 


imm 


8-83 



OEM Computer System 
Instruction/Data Storage Module 
Data Storage Module 
Central Processor Module 
Central Processor Module 
Input/Output Module 
PROM Memory Module 
RAM Memory Module 
Universal Prototype Module 
Module Extender 
PROM Programmer Module 
Input/Output Module (8008) 
Input/Output Module (8080) 
Output Module (8008) 
Output Module (8080) 
Central Processor Module (8008) 
Central Processor Module (8080) 



MICROCOMPUTER DEVELOPMENT SYSTEMS 

Intellec® MDS-800 

MDS Diskette Operating System 

MDS Universal PROM Programmer 

MDS High Speed Paper Tape Reader 

MDS In Circuit Emulator-ICE-80 

ICE-80/MCS-80 Workshop 

MDS In Circuit Emulator-ICE-30 

MDS ROM Simulators 

Intellec 8/MOD 8 

8/M0D/8 High Speed Paper Tape Reader 

Barebones 80 

Intellec 4/MOD 40 

4/MCfD/40 High Speed Paper Tape Reader 



PAGE 

8-79 

8-85 

8-89 

8-92 

8-96 

8-100 

8-102 

8-104 

10-60 



9-3 
9-10 
9-13 
9-18 
9-21 
9-24 
9-26 
9-31 
9-34 
9-40 
9-44 
9-47 
10-62 



10-34 
10-31 
10-31 
10-31 
10-31 
10-31 
10-33 
10-33 
10-33 
10-33 
10-33 
10-32 
10-32 
10-32 
10-32 
10-32 
10-32 



10-3 
10-8 
10-13 
10-14 
10-15 
10-64 
10-18 
10-21 
10-23 
10-24 
10-25 
10-27 
10-28 



MICROCOMPUTER SOFTWARE 

MAC 40 Microcomputer Software Products 

MCS-40™ Cross-Assembler 

INTERP 40 4004/4040 Simulator 

MAC 8 MCS-8'" Cross-Assembler 

INTERP 8 8008 Simulator 

MAC 80 MCS-80^" Cross-Assembler 

INTERP 80 8080 Simulator 

PUM'" PL/M^" Cross Compiler 

PL/M'" Workshop 

CROMIS Series 3000 Microprogramming System 

User's Program Library 

4-Bit User's Program Library 

8-Bit User's Program Library 

User's Library Submittal Form 



MICROCOMPUTER KITS 

MCS-4/40 4040 Prototype Systems 
Microcomputer Module Conversion Kit 
SDK-80 8080 System Design Kit 



TIMEKEEPING CIRCUITS 

5810 Single Chip T/S/D Watch Circuit 



GENERAL INFORMATION 

Development Systems 

European Marketing Offices 

Intel Sales Offices 

Intellec Systems 

International Distributors 

Literature Available 

Memory Support Circuit Selector Guide 

Memory System Selector Guide 

Microcomputer Modules 

MOS RAM Selector Guide 

MOS ROM/PROM Selector Guide 

Numerical Index 

Ordering Information 

Orient Marketing Offices 

Packaging Information 

PROM Programming Instructions 

Schottky ROM/PROM Cross Reference 

Serial Memory Selector Guide 

Single Board Computer 

Standard Processing Specification 

Training Programs 

User's Program Library 
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10-36 
10-37 
10-39 
10-38 
10-40 
10-41 
10-42 
10-43 
10-61 
10-45 
10-46 
10-47 
10-49 
10-57 



7-110 
10-33 
10-29 



11-2 



10-2 

Inside Cover 

inside Cover 

10-2 

Inside Cover 

12-10 

5-2 

6-2 

10-31 

2-2 

3-2 

1-3 

12-3 

12-13 

12-4 

3-55 

3-4 

4-2 

10-34 

12-8 

10-59 

10-46 
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RANDOM ACCESS MEMORIES 




RANDOM ACCESS MEMORIES 



i 





Type 


No. Of 
Bits 


Description 


Organization 


Electrical Characteristics Over Temperature | 




Access 
Time 
Max. 


Cycle 
Time 
Max. 


Power 
Dissipation Max.[1] 
Operating/Standby 


Supplies [V] 


Page 
No. 


(0 

o 

u 
Z 

o 
o 

Ij 

(0 


1101A 


256 


Static Fully Decoded 


256 X 1 


1500ns 


1500ns 


685mW/340mW 


+5,-9 


2-4 


1101A1 


256 


Hi-Speed Static Fully Decoded 


256 X 1 


1000ns 


1000ns 


685mW/340mW 


+5,-9 


2-4 


1103 


1024 


Dynamic Fully Decoded 


1024x1 


300ns 


580ns 


400mW/67mW 


+16,+19 


2-8 


1103-1 


1024 


Dynamic Fully Decoded 


1024 X 1 


150ns 


340ns 


400mW/76mW 


+19,+22 


2-13 


1103A 


1024 


Dynamic Fully Decoded 


1024 X 1 


205ns 


580ns 


400mW/64mW 


+16,+19 


2-16 


1103A-1 


1024 


Dynamic Fully Decoded 


1024 X 1 


145ns 


340ns 


625mW/10mW 


+ 19, +22 


2-21 


1103A-2 


1024 


Dynamic Fully Decoded 


1024 X 1 


145ns 


400ns 


570mW/10mW 


+19.+22 


2-26 


2101A 


1024 


Static, Separate I/O 


256x4 


350ns 


350ns 


300mW 


+5 


2-30 


2101A-2 


1024 


Static, Separate I/O 


256x4 


250ns 


250ns 


350mW 


+5 


2-30 


2101A-4 


1024 


Static, Separate I/O 


256x4 


450ns 


450ns 


300m W 


+5 


2-30 


2101 


1024 


Static, Separate I/O 


256x4 


1000ns 


1000ns 


350m W 


+5 


2-34 


2101-1 


1024 


Static, Separate I/O 


256x4 


500ns 


500ns 


350mW 


+5 


2-34 


2101-2 


1024 


Static, Separate I/O 


256x4 


650ns 


650ns 


350mW 


+5 


2-34 


2 102 A 


1024 


High Speed Static 


1024 X 1 


350ns 


350ns 


275mW 


+5 


2-38 


2102A-2 


1024 


High Speed Static 


1024 X 1 


250ns 


250ns 


325mW 


+5 


2-38 


2102A-4 


1024 


High Speed Static 


1024 X 1 


450ns 


450ns 


275mW 


+5 


2-38 


2102A-6 


1024 


High Speed Static 


1024 X 1 


650ns 


650ns 


275mW 


+5 


2-38 


2102AL 


1024 


Low Standby Power Static 


1024x1 


350ns 


350ns 


165mW/35mW 


+5 


2-38 


2102AL-2 


1024 


Low Standby Power Static 


1024 x1 


250ns, 


250ns 


325mW/42mW 


+5 


2-38 


2102AL-4 


1024 


Low Standby Power Static 


1024 X 1 


450ns 


450ns 


165mW/35mW 


+5 


2-38 


M2102A-4 


1024 


Static, TA = -55°Cto+125C 


1024 X 1 


450ns 


450ns 


350mW 


+5 


2-42 


M2102A-6 


1024 


Static, TA = -55°Cto+125C 


1024 X 1 


650ns 


650ns 


350mW 


+5 


2-42 


2104 


4096 


16 Pin Dynamic 


4096 X 1 


350ns 


500ns 


744mW/37mW 


+12,+5.-5 


2-44 


2104-2 


4096 


16 Pin Dynamic 


4096 X 1 


250ns 


375ns 


744mW/37mW 


+12,+5,-5 


2-44 


2104-4 


4096 


16 Pin Dynamic 


4096 X 1 


300ns 


425ns 


756mW/36mW 


+12,+5,-5 


2-44 


21 OTA 


4096 


22 Pin Dynamic 


4096 X 1 


300ns 


700ns 


458mW/10mW 


+12,+5,-5 


2-52 


2107A-1 


4096 


22 Pin Dynamic 


4096 X 1 


280ns 


550ns 


516mW/16mW 


+12, +5,-5 


2-52 


2107A-4 


4096 


22 Pin Dynamic 


4096 X 1 


350ns 


840ns 


405mW/10mW 


+12, +5,-5 


2-52 


2107A-5 


4096 


22 Pin Dynamic 


4096 X 1 


420ns 


970ns 


376mW/11mW 


+12,+5,-5 


2-52 


2107B 


4096 


22 Pin Dynamic 


4096 X 1 


200ns 


400ns 


648mW/12mW 


+12,+5,-5 


2-58 


2107B-4 


4096 


22 Pin Dynamic 


4096 X 1 


270ns 


470ns 


648mW/13mW 


+12,+5,-5 


2-58 


2107B-6 


4096 


22 Pin Dynamic 


4096 X 1 


350ns 


800ns 


840mW/25mW 


+12,+5,-5 


2-58 



Note 1; Power Dissipation calculated with maximum power supply current and nominal supply voltages. 
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RANDOM ACCESS MEMORIES (continued) 





Type 


No. Of 
Bits 


Description 


Organization 


Electrical Characteristics Over Temperature | 




Access 
Time 
Max. 


Cycle 
Time 
Max. 


Power 
Dissipation Max.[1] 
Operating/Standby 


Supplies [V] 


Page 
No. 


CO 

O 

LU 

< 
O 

z 
o 
o 
-J 
(/) 


2111A 


1024 


Static, Common I/O with 
Output Deselect 


256x4 


350ns 


350ns 


300mW 


+5 


2-64 


2111A-2 


1024 


Static, Common I/O with 
Output Deselect 


256x4 


250ns 


250ns 


350mW 


+5 


2-64 


2111A-4 


1024 


Static, Common I/O with 
Output Deselect 


256x4 


450ns 


450ns 


300mW 


+5 


2-64 


2111 


1024 


Static, Common I/O with 
Output Deselect 


256x4 


1000ns 


1000ns 


350mW 


+5 


2-68 


2111-1 


1024 


Static, Common I/O with 
Output Deselect 


256x4 


500ns 


500ns 


350mW 


+5 


2-68 


2111-2 


1024 


Static, Common I/O with 
Output Deselect 


256x4 


650ns 


650ns 


350mW 


+5 


2-68 


2112A 


1024 


Static, Common I/O without 
Output Deselect 


256x4 


350ns 


350ns 


300mW 


+5 


2-72 


2112A-2 


1024 


Static, Common I/O without 
Output Deselect 


256x4 


250ns 


250ns 


350mW 


+5 


2-72 


2112A-4 


1024 


Static, Common I/O without 
Output Deselect 


256x4 


450ns 


450ns 


300mW 


+5 


2-72 


2112 


1024 


Static, Common I/O without 
Output Deselect 


256x4 


1000ns 


1000ns 


350mW 


+5 


2-77 


2112-2 


1024 


Static, Common I/O without 
Output Deselect 


256x4 


650ns 


650ns 


350mW 


+5 


2-77 


2115 


1024 


Open Collector Static 


1024x1 


95ns 


95ns 


525mW 


+5 


2-81 


2115-2 


1024 


Open Collector Static 


1024 X 1 


70ns 


70ns 


625mW 


+5 


2-81 


2115L 


1024 


Low Power Static 


1024 X 1 


95ns 


95ns 


325mW 


+5 


2-81 


2116 


16384 


16K Dynamic 


16Kx 1 


250ns 


375ns 


900mW/24mW 


+12,+5, 


2-86 


2125 


1024 


Three-State Static 


1024 X 1 


95ns 


95ns 


525mW 


+5 


2-81 


2125-2 


1024 


Three-State Static 


1024 X 1 


70ns 


70ns 


625mW 


+5 


2-81 


2125L 


1024 


Low Power Static 


1024 X 1 


95ns 


95ns 


325mW 


+5 


2-81 


O 

CD 

>- 

!= 

O 

X 

o 

CO 


3101 


64 


Fully Decoded 


16x4 


60ns 


60ns 


525mW 


+5 


2-87 


3101A 


64 


High Speed Fully Decoded 


16x4 


35ns 


35ns 


525mW 


+5 


2-87 


M3101 


64 


Fully Decoded (-55° C to 
+125°C) 


16x4 


75ns 


75ns 


546mW 


+5 


2-91 


M3101A 


64 


High Speed Fully Decoded 
(-55°Cto+125°C) 


16x 4 


45ns 


45ns 


546mW 


+5 


2-91 


3104 


16 


Content Addressable Memory 


4x4 


30ns 


40ns 


625mW 


+5 


2-93 


3106 


. 256 


High Speed Fully Decoded 
(With Three-State Output) 


256 X 1 


80ns 


80ns 


650mW 


+5 


2-97 


3106A 


256 


High Speed Fully Decoded 
(With Three-State Output) 


256 X 1 


60ns 


70ns 


650mW 


+5 


2-97 


3106-8 


256 


High Speed Fully Decoded 
(With Three-State Output) 


256 X 1 


80ns 


80ns 


650mW 


+5 


2-97 


3107 


256 


High Speed Fully Decoded 
(With Open Collector Output) 


256 X 1 


80ns 


80ns 


650mW 


+5 


2-97 


31 07 A 


256 


High Speed Fuly Decoded 
(With Open Collector Output) 


256 X 1 


60ns 


70ns 


650mW 


+5 


2-97 


3107-8 


256 


High Speed Fully Decoded 
(With Open Collector Output) 


256 X 1 


60ns 


70ns 


650mW 


+5 


2-97 


(0 


5101 


1024 


Static CMOS RAM 


256x4 


650ns 


650ns 


135mW/75uW 


+5 


2-101 


5101-1 


1024 


Static CMOS RAM 


256x4 


450ns 


450ns 


135mW/75uW 


+5 


2-101 


5101-3 


1024 


Static CMOS RAM 


256x4 


650ns 


650ns 


135mW/1mW 


+5 


2-101 


5101-8 


1024 


Static CMOS RAM 


256x4 


800ns 


800ns 


150mW/2.5mW 


+5 


2-101 


5101L 


1024 


Static CMOS RAM 


256x4 


650ns 


650ns 


135mW/30uW 


+5 


2-101 


5101 L-1 


1024 


Static CMOS RAM 


256x4 


450ns 


450ns 


135mW/3GuW 


+5 


2-101 


5101L-3 


1024 


Static CMOS RAM 


256x4 


650ns 


650ns 


135mW/400uW 


+5 


2-101 



I 



Note 1: Power Dissipation calculated with maximum power supply current and nominal supply voltages. 
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1101A, 1101A1 

256 BIT FULLY DECODED 
RANDOM ACCESS MEMORY 



Access Time — Typically Below 
650 nsec- 1101A1,850 nsec-1101A 

Low Power Standby Mode 

Low Power Dissipation -- Typically 
less than 1.5 mW/bit during access 

Directly DTL and TTL Compatible 
Three-State Output -- 
OR-tie Capability 



Simple Memory Expansion -- 
Chip Select Input Lead 

' Fully Decoded —On Chip Address 
Decode and Sense 

' Inputs Protected - All Inputs Have 
Protection Against Static Charge 

' Ceramic and Plastic Package - 
16 Pin Dual In-Line Configuration 



The 1101 A is an improved version of the 1101 which requires only two power supplies {+5V and — 9V) for 
operation. The 11 01 A is a direct pin for pin replacement for the 1101. 

The lntel®1101A is a 256 word by 1 bit random access memory element using normally off P-channel MOS 
devices integrated on a monolithic array. It uses fully dc stable (static) circuitry and therefore requires no 
clocks to operate. 

The 1101 A is designed primarily for small buffer storage applications where high performance, low cost, and 
ease of interfacing with other standard logic circuits are important design objectives. The unit will directly 
interface with standard bipolar integrated logic circuits (TTL, DTL, etc.) The data output buffers are capable 
of driving TTL loads directly. A separate chip select (CS) lead allows easy selection of an individual package 
when outputs are OR-tied. 

For applications requiring a faster access time we recommend the 1 101 A1 which is a selection from the 1 101 A 
and has a guaranteed maximum access time of 1.0 fjsec. 

The Intel 1101 A is fabricated with silicon gate technology. This low threshold technology allows the design 
and production of higher performance MOS circuits and provides a higher functional density on a monolithic 
chip than conventional MOS technologies. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of 
low cost silicone packaging. 



PIN CONFIGURATION 



CS 
R/W 

DATA OUT 
DATA OUT 
DATA IN 



1= 


1 


16 


c= 


2 


15 


c= 


3 


14 


CI 


4 


13 


cz 


5 


12 


cz: 


6 


11 


d 


7 


10 


•= 


8 


9 



LOGIC SYMBOL 





1 


I 




R/W 


CS 




D.N 






A, 
A2 
A3 


DoUT 




DoUT 




A4 






A5 






Ae 






A7 







PIN NAMES 




D,N 


DATA INPUT 


CS 


CHIP SELECT 


A0-A7 


ADDRESS INPUTS 


Dqut 


DATA OUTPUT 


R/W 


READ/WRITE INPUT 


1 



BLOCK DIAGRAM 



Ao 


00 
X 


A, 


A2 


A3 





X 



oc 






> 




256 BIT 






RAM 
PLANE 


2 










X 







OUT 
CS 









/ 


1 


SENSE 
CIRCUIT 


/ 


Y ADDRESS 
DECODE 


/ 








J 


1 



Y INPUT BUFFERS 



Ag A 
3 2 



Vn:4 



2-4 



1101A,1101A1 



Absolute Maximum Ratings '^ 

Temperature Under Bias 

Storage Tennperature 

All Input or Output Voltages with Respect to the Most 
Positive Supply Voltage, Vqc 

Supply Voltages Vp^and Vpwith Respect to V^^ 

Power Dissipation 



0°Cto70°C 
-65°Cto+160°C 

+0.5V to -20V 

-20V 

1 WATT 



i 



D.C. and Operating Characteristics 

Ta= 0°C to 70°C, Vcc = 5V ± 5%, Vd^ = -9V ± 5%, Vp = -9V ± 5%, unless otherwise specified 



SYMBOL 


TEST 


MIN. 


TYP.^^^ 


MAX. 


UNIT 


CONDITIONS 


'li 


INPUT LOAD CURRENT 

(ALL INPUT PINS) 




<1.0 


500 


nA 


V,N = O.OV 


'lo 


OUTPUT LEAKAGE CURRENT 




<1.0 


500 


nA 


VouT = 0.0V,CS = Vcc-2 


•dpi 


POWER SUPPLY CURRENT, Vpo 




13 


19 


mA 


Ta = 25°C ""I 




'dD2 
'd2 


POWER SUPPLY CURRENT, Vpp 
POWER SUPPLY CURRENT, Vp 
POWER SUPPLY CURRENT, Vp 




12 


25 
18 
24 


mA 
mA 
mA 


Ta=25oC, 
Ta=0°C, 


Continuous 
Operation 
Iql = 0.0mA 


V|L 


INPUT "LOW" VOLTAGE 


-10 




Vcc-4-5 


V 






V,h'3> 


INPUT "HIGH" VOLTAGE 


Vcc-2 




Vcc+0.3 


V 




'OLI 


OUTPUT SINK CURRENT 


3.0 


8 




mA 


Vqut = +0.45 V, Ta = +25°C 


'0L2 


OUTPUT SINK CURRENT 


2.0 






mA 


VouT=+0-45V, Ta=+70°C 


'CF 


OUTPUT CLAMP CURRENT 




6 


13 


mA 


VouT = -l-OV 


•OHI 


OUTPUT SOURCE CURRENT 


-3.0 


-8 




mA 


Vout = 0.0V,Ta = +25°C 


'0H2 


OUTPUT SOURCE CURRENT 


-2.0 


-7 




mA 


Vout = 0.0V,Ta=+70°C 


Vol 


OUTPUT "LOW" VOLTAGE 






+0.45 


V 


Iql = 2.0 mA 


Vqh 


OUTPUT "HIGH" VOLTAGE 


+3.5 


+4.9 




V 


loH=-100pA 


C,N^"^ 


INPUT CAPACITANCE 




7 


10 


pF 


V,N = Vcc 


' 


C (4) 
^OUT 


(ALL INPUT PINS) 
OUTPUT CAPACITANCE 




7 


10 


pF 


VouT=Vcc 


f=1 MHz 
Ta = 25°C 


C^(4) 


Vp POWER SUPPLY 




20 


35 


pF 


Vp = Vcc 






CAPACITANCE 













Note 1: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are at nominal voltages and T^ = 25°C. 

Note 3: A TTL driving the 1 101 A, 1 101 A1 must have its output high > Vcc-2 even if it is loaded by other bipolar gates. 

Note 4: This parameter is periodically sampled and Is not 100% tested. 
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I 



A.C. Characteristics t^ = ox to 7o°c, Vcc= 5v ± 5%, Vd= -9v ± 5%, Vdd= -9v ± 5% 

READ CYCLE 



SYMBOL 


TEST 


MIN. 


TYP. 


MAX. 


UNIT 


^RC 


Read Cycle 


1101A 
1101A1 


1.5 
1.0 


psec 
Msec 


^AC 


Address to Chip 
Select Delay 


1101A 
1101A1 


1.2(1) 
0.7(1) 


Msec 
Msec 


^A 


Access Time 


1101A 
1101A1 




0.85 
0.65 


1.5 
1.0 


Msec 
Msec 


^OH 


Previous Read Data Valid 


0.05 


Msec 



WRITE CYCLE 



^WC 


Write Cycle 


0.8 


Msec 


^WD 


Address to Write Pulse Delay 


0.3 


Msec 


*WP 


Write Pulse Width 


0.4 


Msec 


^DW 


Data Set up Time 


0.3 


Msec 


^DH 


Data Hold Time 


0.1 


Msec 



CHIP SELECT AND DESELECT 








^CW 


Chip Select Pulse Width 


0.4 


Msec 


hs 


Access Time Through 
Chip Select Input 


0.2 


0.3 


|jsec 


^CD 


Chip Deselect Time 


0.1 


0.3 


psec 



CONDITIONS OF TEST: 

Input pulse amplitudes: to 5V, Input pulse rise and fall time: 10 nsec. Speed measurements referenced to 1.5V levels (unless 
otherwise noted). Output load is 1 TTL gate and Cl = 20 pF; measurements made at output of TTL gate (tp,-) < 10 nsec) 



READ CYCLE 



ADDRESSES 




tOH 



WRITE CYCLE 



ADDRESSES 



CS 



^wc- 






)C 



- 

1 



>:100 ris— ». 



/-* twp ^V 



/-<-tDW-^ 




CHIP SELECT AND DESELECT 



ADDRESSES 






-*- tcw- 



tcs- 



^v / 



K \ 



-tCD 



POWER SWITCHING OF Vn 



ADDRESSES 



3( 



Vd and CS LEAD 



^cc- 



I— >0r 



tf < 1 00 ns - 



10%\ 

\ 90% 



/■ 



tA 



Note 1: Maximum value for t^^ measured at minimum read cycle. 
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Typical D. C. Characteristics 



OUTPUT SINK CURRENT VS TEMPERATURE 



POWER DISSIPATION VS VOLTAGE 











5.0 V 


9.0 V 


^" 






VOUT 


= .45V 










"^ 


^- 









































1 WOR 


>T CASE 


TTL LO/ 


y 







20 40 60 80 

AMBIENT TEMPERATURE (OC) 



Vcc = 5.0 V 
T^ = 25°C 

POWER DISSIPATED \\^^ x (IVddI+ V^c)! 
BY MEMORY CELLS 




POWER DISSIPATED [Iq x (IVqI + Vqq)] 
BY PERIPHERAL CIRCUITRY 



■^^ 



-9.0 
VOLTAGE (Vq, Vdq) 



POWER DISSIPATION VS TEMPERATURE 



cc 200 

1. 

150 



Vcc 


= 5.0V 








1 1 
POWER DISSIPATED (Idd x 

BY MEMORY CELLS 


iIVdd' + ^ccII 




^^ 






-^ 


^ 


1 

POWER DISSIPATED [Iq 


X iIVdI + VccU 


"■^ 


BY PERIPHERAL CIRCUITRY 







i 



) 20 40 60 80 100 

AMBIENT TEMPERATURE (°C) 



OUTPUT CURRENT VS OUTPUT VOLTAGE 




Typical A. C. Characteristics 



ACCESS TIME VS. 
LOAD CAPACITANCE 




100 200 300 

LOAD CAPACITANCE (pF) 



ACCESS TIME VS. 
TEMPERATURE 



1101A/1101A1 
OPERATING REGION 



ACCESS TIME VS. 
SUPPLY VOLTAGE 





Vcc = 5.0V 










1.2 


Vd =Vdd = -90V 










1 TTL LOAD 










1.0 


Cl = 20 pF 

1 






^** 


- 








^^^^^ 






.8 








^-voaM ^ 


— • •*"* 


- 


^•^^ 














0.6 





— ' 


























0.4 
















- 















18 
17 

^ 16 
|15 










1 1 1 

If. = 0°C to70°C J 




























T> 


r'PICA 


, 
















OPE 
R 


RAT 
EGIO 


NG 
M 


J 


/ 
















^ 


/ 














f 14 


/ 


ml 










' SPECIFIt 


=r)^^ 


r 


m 


9 






>"13 
12 
11 


-OPERATI 
REGIOr 














y| 


. 


^^ 


..^' 






















r,^ 












.. ,, 









20 40 60 80 100 

AMBIENT TEMPERATURE (OC) 



10 11 12 13 14 15 16 

Vcc - Vdd <volts) 




-8 -9 -10 

Vp (VOLTS) 
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FULLY DECODED RANDOM ACCESS 
1024 BIT DYNAMIC MEMORY 



■ Low Power Dissipation — Dissipates 
Power Primarily on Selected Chips 

■ Access Time — 300 nsec 

■ Cycle Time — 580 nsec 

■ Refresh Period ... 2 milliseconds 
for -70° C Ambient 

■ OR-Tie Capability 



■ Simple Memory Expansion — 
Chip Enable Input Lead 

■ Fully Decoded— on Chip Address 
Decode 

■ Inputs Protected— All Inputs Have 
Protection Against Static Charge 

" Ceramic and Plastic Package - 
18 Pin Dual In-Line Configuration. 



The lntel®1103 is designed primarily for main memory applications where high performance, 
low cost, and large bit storage are important design objectives. 

It is a 1024 word by 1 bit random access memory element using normally off P-channel 
MOS devices integrated on a monolithic array. It is fully decoded, permitting the use of an 
18 pin dual in-line package. It uses dynamic circuitry and primarily dissipates power only 
during precharge. 

Information stored in the memory Is non-destructlvely read. Refreshing of all 1024 bits is 
accomplished in 32 read cycles and is required every two milliseconds. 
A separate cenabie (chip enable) lead allows easy selection of an individual package when 
outputs are OR-tied. 

The Intel 1103 is fabricated with silicon gate technology. This low threshold technology al- 
lows the design and production of higher performance MOS circuits and provides a higher 
functional density on a monolithic chip than conventional MOS technologies. 
Intel's silicon gate technology also provides excellent protection against contamination. 
This permits the use of low cost plastic packaging. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 






-RC CE R/W 


— 


Ai 




A2 


— 







A7 





Afl 


— 


A9 



1 OF 32 

ROW 

SELECTOR 



READ/ 

WRITE 

AMPLIFIERS 





PIN NAMES 




D,N 


DATA INPUT 


PRC 


PRECHARGE INPUT 


A0-A9 


ADDRESS INPUTS 


CE 


CHIP ENABLE 


R/W 


READ/WRITE 


Dqut 


DATA OUTPUT 



PRECHARGE o- 



READ/WRITE o- 



LOGIC = HIGH VOLTAGE 
LOGIC 1 «= LOW VOLTAGE 



MEMORY MATRIX 
32 ROWS 
32 COLUMNS 
(1024 BITS) 



REFRESH AMPLIFIERS; 

READ/WRITE COLUMN 

GATING 



1 OF 32 
COLUMN SELECTOR 



TTTT 
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Maximum Guaranteed Ratings^ 



Temperature Under Bias 

Storage Temperature 

All Input or Output Voltages with 

Respect to the Most Positive 

Supply Voltage, Vgg 
Supply Voltages Vqq and Vgg 

with Respect to Vgg 
Power Dissipation 



0°C to 70°C 
-65 °C to+150°C 



-25V to 0.3V 



-25V to 0.3V 
LOW 



*C0MIV1ENT: 

Stresses above those listed under "IVIaximum Guaranteed 
Rating" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



i 



D.C. and Operating Characteristics 



T^ = 0°C to +70° C, Vs^^^= 16V ± 5%, (Vgg -Vgc 


/® - 3V to 4V, Vpj3 = OV unless otherwise specified 


SYMBOL 


TEST 


MIN. TYP. MAX. 


UNIT 


CONDITIONS 


Ili 


INPUT LOAD CURRENT (ALL INPUT PINS) 


1 


MA 


V,N=OV 


'lo 


OUTPUT LEAKAGE CURRENT 


1 


MA 


Vqut = OV 


'bb 


Vbb SUPPLY CURRENT 


100 


IxA 




1ddi'=' 


SUPPLY CURRENT DURING Tp^ 


37 56 


mA 


ALL ADDRESSES = 0V 
PRECHARGE = OV 
CENABLE = Vgs ; T^ = 259C 


1dD2<2) 


SUPPLY CURRENT DURING Tqv 


38 59 


mA 


ALL ADDRESSES = OV 
PRECHARGE = OV 
CENABLE = OV; T^ = 250C 


'003'=^' 


SUPPLY CURRENT DURING TpQv 


5.5 11 


mA 


PRECHARGE = Vss 
CENABLE = OV; T^ = 25PC 


IdD4<21 


SUPPLY CURRENT DURING T^p 


3 4 


mA 


PRECHARGE = Vgg 
CENABLE = Vgs ; T^^ = 25oC 


'd^^Av 


AVERAGE SUPPLY CURRENT 


17 25 


mA 


CYCLE TIME = 580 ns; PRECHARGE 
WIDTH = 190 ns; T^ = 25°C 


V,L,'" 


INPUT LOW VOLTAGE 

(ALL ADDRESS & DATA-IN LINES) 


Vss-17 Vss-14.2 


V 


Ta = o°c 


v,ua'" 


INPUT. LOW VOLTAGE 

(ALL ADDRESS & DATA-IN LINES) 


Vss-17 Vss-14.5 


V 


Ta = 70°C 


V,L3"'^' 


INPUT LOW VOLTAGE (PRECHARGE 
CENABLE & READ/WRITE INPUTS) 


Vss-17 Vss-14.7 


V 


Ta = 0°c 


V,L4"-«' 


INPUT LOW VOLTAGE (PRECHARGE 
CENABLE& READ/WRITE INPUTS) 


Vss-i^ Vss-15.0 


V 


Ta = 70 °c 


Vmi"' 


INPUT HIGH VOLTAGE 
(ALL INPUTS) 


Vss-1 Vss+1 


V 


Ta = 0°c 


V,H2'" 


INPUT HIGH VOLTAGE 
(ALL INPUTS) 


Vss-0.7 Vss + 1 


V 


Ta = 70°C 


'0H1 


OUTPUT HIGH CURRENT 


600 900 4000 


MA 


Ta = 25°C - 
Ta = 70°C 

Ta = 25°C. 
Ta = 70°C, _ 


(4) 
- RLOAD=100fi 


'OH2 


OUTPUT HIGH CURRENT 


500 800 4000 • 


ma 


'OL 


OUTPUT LOW CURRENT 


See Note 3 




V0H1 


OUTPUT HIGH VOLTAGE 


60 90 400 


mV 


VoH2 


OUTPUT HIGH VOLTAGE 


50 80 400 


mV 


Vol 


OUTPUT LOW VOLTAGE 


See Note 3 









Note 1 : The Vss current drain is equal to (Idd ■*" 'OH^ O"* ^'PD "^ 'OL^- 

Note 2: See Supply Current vs. Temperature (p. 3) for guaranteed current at the temperature extremes. These values are taken from a single pulse 

measurement. 
Note 3: The output current when reading a low output is the leakage current of the 11 03 plus external noise coupled into the output line from the 

clocks. Vql equals Iql across the load resistor. 
Note 4: This value of load resistance is used for measurement purposes. In applications the resistance may range from lOOfi to 1 kfi. 
Note 5*. This parameter is periodically sampled and is not 100% tested. 
Note 6: (Vge — Vgs) supply should be applied at or before V3s- 
Note 7: The maximum values for Vjl and the minimum values for V|n are linearly related to temperature between 0^0 and 70°C. Thus any value 

in between 0^0 and 70°C can be calculated by using a straight-line relationship. 
Note 8: The maximum values for V||_ (for precharge, cenable & read/write) may be increased to Vgs" 14.2 @ 0°C and Vss~'14.5 @ 70°C (same 

values as those specified for the address & data-in lines) with a 40 ns degradation (worst case) in tAC» *PC' *RC' '^WC* ^RVVC' *ACC1 ''"'-' *ACC2- 
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Supply Current vs Temperature 




25 50 70 

T(°C) 




Typical Characteristics 



1.6 

1.5 

1.4 

_ 1.3 

I '•' 

I 1.1 

^ 1.0 

0.9 

0.8 







1 






/ 




^B 


Veo = 


4V 




> 


X 












^ 


.^> 










y 


y 


/^ 






iiiiii 


^'^ 




^/ 


iT 






S^ii^i^ 




^> 


y 




T^=2B°C 


«ii 




^ 






jpli 


,^ 


——OF 


ERATING 


f^ -- 


(^-/U"U 













16 17 18 

Vgs (VOLTS) 



19 



20 




35 



^'^ 



n i 

-Vss= 16.8 V - 

iVoo-Vc;. =3v: 



^^GUARANTEED 



25 50 70 

T(°C) 



4.1 

4 

3.9 









1 1 

Vgs = 16.8 V 
\/ \/ - 


ov/ 






^BB 


vgS OV 


— r 






=="^GUARANTEbU 






















TYPICAL 



50 70 

T(°C) 



Inn(mA) 




Idd vs TIME 
Ta=25oC 
Vss= 16.8V 
Vrr-V« = 3V 



"'"pc "^ov ""^Pov Tcp 

or 

Tpw + Tw 

Note 1. AlpQ is due to charging of internal device node 

capacitance at precharge 
Note 2, These values are taken from a single pulse measurement 



1.2 



1.0 



< 

-§ 0.8 



0.6 











11 


1 

Vss= 16.8V 


^^^n'n'i 












k 






B 


Vss = 


= 15.2V 




/ 






B- 


1 
^OPERATING 
REGION 




Y 








Ta=25oc 
v V— -^v 


k. 








ill 


to 


4V 



40 60 

Tq^Ihs) 



80 100 120 
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AC Characteristics t^ = o°c to 70°c, Vgg = i6± 5%, (Vg, 

READ, WRITE, AND READ/WRITE CYCLE 



3.0V to 4.0V, Vp, 



= 0V 



SYMBOL 


TEST 


MIN. TYP. MAX. 


UNIT 


CONDITIONS 


Iref 


TIME BETWEEN REFRESH 




2 


ms 




t^c^l) 


ADDRESS TO CENABLE SET UP TIME 


115 




ns 




tc 


CENABLE TO ADDRESS HOLD TIME 


20 




ns 




t.c<1) 


PRECHARGE TO CENABLE DELAY 


125 




ns 




tcP 


CENABLE TO PRECHARGE DELAY 


85 




ns 




to.. 


PRECHARGE & CENABLE OVERLAP, LOW 


25 


75 


ns 


tj = 20ns 


tovH 


PRECHARGE & CENABLE OVERLAP, HIGH 




140 


ns 


tj = 20ns 


tovM 


PRECHARGE & CENABLE OVERLAP, 
50% POINTS 


45 


95 


ns 





i 



READ CYCLE 



SYMBOL 


TEST 


MIN. TYP. MAX. 


UNIT 


CONDITIONS 


t.c<1) 


READ CYCLE 


480 




ns 


-N 




tpov 


PRECHARGE TO END OF CENABLE 


165 


500 


ns 






tpo 


END OF PRECHARGE TO 
OUTPUT DELAY 




120 


ns 






Ucc,<^^ 


ADDRESS TO OUTPUT ACCESS 


300 




ns 


tACmin + toVLmin 
+ tpomax + 2 tr 


tr = 20 ns 

• Cload = 100 pF 

RLOAD=100n 

Vref = 40 mV 


Ucc.^^> 


PRECHARGE TO OUTPUT ACCESS 


310 




ns 


tpcmin + toVLmin 
+ tpoma, + 2 tr 





WRITE OR READ/WRITE CYCLE 



SYMBOL 


TEST 


MIN. TYP. MAX. 


UNIT 


CONDITIONS 




WRITE CYCLE 
READ/WRITE CYCLE 


580 
580 




ns 
ns 


L tr = 20 ns 


tpw 


PRECHARGE TO READ/WRITE DELAY 


165 


500 


ns 




twp 


READ/WRITE PULSE WIDTH 


50 




ns 




tw 


READ/WRITE SET UP TIME 


80 




ns 




tow 


DATA SET UP TIME 


105 




ns 




toH 


DATA HOLD TIME 


10 




ns 




tpo 


END OF PRECHARGE TO 
OUTPUT DELAY 




120 


ns 


Cload = 100 pF 
Rload = 100S2 


tew 


RELATIONSHIP BETWEEN CENABLE AND 
READ/WRITE 







ns 


Vref = 40 mV 



Note 1 : These times will degrade by 40 ns (worst case) if the maximum values for V| i_ (for precharge, cenable and read/write inputs) go to 
Vss-''4.2V @ QOC and Vss-14.5V @ 70OC as defined on page 2. 

*CAPACITANCE Ta = 25C 



SYMBOL 


TEST 


TYP. 


PLASTIC PKG. 
MAX. 


CERAMIC PKG. 
MAX. . 


UNIT 


CONDITIONS 


Cad 


ADDRESS CAPACITANCE 


5 


7 


12 


pF 


ViN = Vss 




CpR 


PRECHARGE CAPACITANCE 


15 


18 


19.5 


pF 


ViN = Vss 




CCE 


CENABLE CAPACITANCE 


15 


18 


21 


pF 


V,N = Vss 


f = 1 MHz 


Crw 


READ/WRITE CAPACITANCE 


11 


15 


19.5 


pF 


ViN = Vss 


All Unused 
[-Pins Are 


CiNI 


DATA INPUT CAPACITANCE 


4 


5 


7.5 


pF 


CENABLE = OV 

V,M = Vss 


At A.C. 
Ground 


C,N2 


DATA INPUT CAPACITANCE 


2 


4 


6.5 


pF 


CENABLE = Vss 

ViN = Vss 




CoUT 


DATA OUTPUT CAPACITANCE 


2 


3 


7 


pF 


VoUT = OV 





'This parameter is periodically sampled and is not 100% tested. They are measured at worst case operating conditions. 



2-11 



1103 



i 



WRITE CYCLE OR READ/WRITE CYCLE 

Timing illustrated for minimum cycle. 



PRECHARGE 




READ CYCLE 



READ/WRITE 



ADDRESS CAN CHANGE 




ADDRESS STABLE 



JKi 



y 






^REF =40mV 

Rload =''00s> ' 

ClOAD =100pF 



>\ 



DATA OUT 
VALID 



N 



NOTE CD Vu„ + 2vl 

. „^^ X ^ ty IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS 

NOTE (D Vc;s - 2Vj 

NOTE 3 t[)j^ IS REFERENCED TO POINT0OFTHE RISING EDGE OF CENABLE OR READ/WRITE WHICHEVER OCCURS FIRST 

NOTE 4 t(jH IS REFERENCED TO POINT@ OF THE RISING EDGE OF CENABLE OR READ/WRITE WHICHEVER OCCURS FIRST 



2r72 



inlel 



1103-1 



The Intefl 103-1 is a high speed 1024 bit dynamic random access memory and is the high speed version of the 
standard 1 103. The DC and AC Characteristics for the 1 103-1 are given in the following three pages. The ab- 
solute maximum ratings for the 1103-1 are the same as for the 1103 on page 2-8. 



■ Access Time — 150 nsec 



■ Cycle Time —340 nsec 



1 



D.C. and Operating Characteristics 

(Ta = 0°C to +55°C, Vss = 19V ±5% (Vbb - Vss)'= 3V to 4V, Vdd = OV unless otherwise specified) 



SYMBOL 


TEST 


MIN 


TYP. 


MAX. 


UNIT 


CONDITIONS 


II. 


INPUT LOAD CURRENT 

(ALL INPUT PINS) 






10 


,cA 


V,N = OV 


Ilo 


OUTPUT LEAKAGE CURRENT 






10 


/xA 


VouT = OV 


Ibb 


Vbb supply current 






100 


/.A 




, 2 

IDDI 


SUPPLY CURRENT 
DURING Tpc 




45 


60 


mA 


ALL ADDRESSES = OV 
PRECHARGE = OV 
CENABLE =Vss 
Ta = 25° C 


IdD2 


SUPPLY CURRENT 
DURING Tov 




50 


68.5 


mA 


ALL ADDRESSES = OV 
PRECHARGE =0V 
CENABLE =0V 
Ta = 25°C 


IdD3 


SUPPLY CURRENT 
DURING Tpov 




8.5 


11 


mA 


PRECHARGE = Vss 
CENABLE = 0V 
Ta = 25°C 


1 2 

'DD4 , 


SUPPLY CURRENT 
DURING Tcp 




3.0 


4 


mA 


PRECHARGE =Vss 
CENABLE = Vss 
Ta = 25°C 


Iddavg 


average SUPPLY 
CURRENT 




20 


23 


mA 


CYCLE TIME = 340 ns 
PRECHARGE WIDTH @50% 
105ns, Ta = 25°C 


V,L 


INPUT LOW VOLTAGE 


Vss- 


20 


Vss- 18 


V 




V,H 


INPUT HIGH VOLTAGE 


Vss- 


1 


Vss+1 


V 




loHl 


OUTPUT HIGH CURRENT 


1150 


1300 


7000 


^A 


Ta = 25°C 1 




ioH2 

lo.^ 


OUTPUT HIGH CURRENT 

OUTPUT LOW CURRENT 


900 


1150 

See Note 3 


7000 


/.lA 


Ta = 55°C 


Rload = lOOfl 


VoHl 


OUTPUT HIGH VOLTAGE 


115 


130 


700 


mV 


Ta = 25°C, 




VoH2 


OUTPUT HIGH VOLTAGE 


90 


115 


700 


mV 


Ta = 55°C,^ 




VoJ 


OUTPUT LOW VOLTAGE 




See Note 3 









Note 1 : The Vss current drain is equal to (IpD ■*" 'OH^ °'" ^'dD "^ 'OL^- 

Note 2: See Supply Current vs. Temperature (p. 2-9)for guaranteed current at the temperature extremes. These values are taken from a single pulse 

measurement. 
Note 3: The output current when reading a low output is the leakage current of the 1 1 03 plus external noise coupled into the output line from the 

clocks. Vql equals \q\_ across the load resistor. 
Note 4: This value of load resistance is used for measurement purposes. In applications the resistance may range from lOOfi to 1 kfi. 
Note 5: This parameter is periodically sampled and is not 100% tested. 
Note 6: (VgB — Vss) supply should be applied at or before Vss- 
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1103-1 



ACCharacterlstics(T^ =o°cto55°c, Vss = i9±5%,Vgg-Vs3= 3.ovto4.ov, v^^ =ov) 

READ, WRITE, AND READ/WRITE CYCLE 



SYMBOL 


TEST 


MIN. TYP. MAX. 


UNIT 


CONDITIONS 


Iref 


TIME BETWEEN REFRESH 




1 


ms 




t'.C 


ADDRESS TO CENABLE SET UP TIME 


30 




ns 




tc 


CENABLE TO ADDRESS HOLD TIME 


10 




ns 




tpc 


PRECHARGE TO CENABLE DELAY 


60 




ns 




tcp 


CENABLE TO PRECHARGE DELAY 


40 




ns 




tov; 


PRECHARGE & CENABLE OVERLAP, LOW 


5 


30 


ns 


tj = 20ns 


to/H 


PRECHARGE & CENABLE OVERLAP, HIGH 




85 


ns 


t J = 20 ns 


tovM 


PRECHARGE & CENABLE OVERLAP, 
50% POINTS 


25 


50 


ns 





READ CYCLE 



SYMBOL 


TEST 


MIN. TYP. MAX. 


UNIT 


CONDITIONS 


tRC<1) 


READ CYCLE 


300 




ns 


tr = 20 ns 


tpov 


PRECHARGE TO END OF CENABLE 


115 


500 


ns 




tpo'^' 


END OF PRECHARGE TO 
OUTPUT DELAY 




75 


ns 


Cload = 50 pF 
RLOA0=100n 

VREF = 80mV 


Ucc'l' 


ADDRESS TO OUTPUT ACCESS 


150 




ns 


tACmin + toVLmin + tpOm« + 2 tl 

Cload = 50 pF 
Rload = lOOfi 
Vref = 80 mV 


tACc:<^> 


PRECHARGE TO OUTPUT ACCESS 


180 




ns 


tpcmin + toVLmin + tpom.x + 2U 

Cload = 50 pF 
Rload = lOOfi 
Vref = 80 mV 



WRITE OR READ/WRITE CYCLE 



SYMBOL 


TEST 


MIN. TYP. MAX. 


UNJT 


CONDITIONS 


twc 

tRWc(l) 


WRITE CYCLE 
READ/WRITE CYCLE 


340 
340 




ns 
ns 


tr = 20 ns 


tpw 


PRECHARGE TO READ/WRITE DELAY 


115 


500 


ns 




twp 


READ/WRITE PULSE WIDTH 


20 




ns 




tw 


READ/WRITE SET UP TIME 


20 




ns 




tDW 


DATA SET UP TIME 


40 




ns 




toH 


DATA HOLD TIME 


10 




ns 




tPo<l> 


END OF PRECHARGE TO 
OUTPUT DELAY 




75 


ns 


Cload = 50 pF 
Rload = 10012 


^cw 


RELATIONSHIP BETWEEN CENABLE 
AND READ/WRITE 







ns 


VREF=80mV 



NOTE 1 : These times will degrade by 35 nsec if a Vref Point of*40 mV is chosen instead of the 80 mV point defined in the spec. 

*CAPACITANCE Ta = 25«>c 



SYMBOL 


TEST 


TYP. 


PLASTIC PKG. 
MAX. 


CERAMIC PKG. 
MAX. 


UNIT 


CONDITIONS 


Cad 


ADDRESS CAPACITANCE 


5 


7 


12 


pF 


V,N = VSS 




Cpr 


PRECHARGE CAPACITANCE 


15 


18 


19.5 


pF 


ViN = VsS 




CCE 


CENABLE CAPACITANCE 


15 


18 


21 


pF 


V,N = VsS 


f = 1 MHz 


Crw ■ 


READ/WRITE CAPACITANCE 


11 


15 


19.5 


pF 


V,M = VsS 


All Unused 
[^ Pins Are 


ClN, 


DATA INPUT CAPACITANCE 


4 


5 


7.5 


pF 


CENABLE = OV 

ViN = Vss 


At A.C. 
Ground 


C,N2 


DATA INPUT CAPACITANCE 


2 


4 


6.5 


pF 


CENABLE = Vss 
ViN = Vss 




CouT 


DATA OUTPUT CAPACITANCE 


2 


3 


7 


pF 


VOUT = OV 





*This parameter is periodically sampled and is not 100% tested. They are measured at worst case operating conditions. 
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WRITE OR READ/WRITE CYCLE 



x:M 



PRECHARGE 



READ/WRITE 



-ADDRESS CAN CHANGE 



ADDRESS STABLE 



^% 



"^-'OVM-^L? 



^ACCI 

'aCC2 



N — — H /' 



Cload =50pF 
Rload = lOOfi" 
Vref =80mV 



^x 



DATA OUT 
VALID 



^^' 



I 



x 



ADDRESS 
CAN CHANGE 



STABLE DATA TIME 



DATA CAN 
CHANGE 



READ CYCLE 



PRECHARGE 



ADDRESS CAN CHANGE 







NOTE 
NOTE 
NOTE 3 
NOTE 4 



ADDRESS STABLE 



H 



y 



X 



ADDRESS 
CAN CHANGE 



X. 



^ 



Cload = 50 pF 
Ko^D= 100^2 

Vref = 80 mV 



>s. 



DATA OUT 
VALID 



\ 



CO Vnn + 2Vl 

>; °° ^t-r IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS 



IS REFERENCED TO POINT0OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FIRST 
H IS REFERENCED TO P0INT(2) OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FIRST 
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1103A 

FULLY DECODED RANDOM ACCESS 
1024 BIT DYNAMIC MEMORY 



^No Precharge Required -Critical 
Precharge Timing is Eliminated 

" Electrically Equivalent to 1103- 
Pln-for-Pin/Functionally 
Compatible 

■ Fast Access Time -205ns max. 

" Low Standby Power Dissipa- 
tion -2 MW/Bit typical 



■ Address Registers 
Incorporated on the Chip 

" Simple Memory Expansion - 
Chip Enable Input Lead 

■ Inputs Protected -All Inputs 
Have Protection Against 
Static Charge 

" Ceramic and Plastic 
Package -18-Pin DIP 



The 1103A is a 1024 word by 1 bit dynamic RAM. It is designed primarily for main memory applications 
where high performance, low cost, and large bit storage are important design objectives. The 1103A is elec- 
trically equivalent to the 1103. 

1103A systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 

Information stored in the- memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing Aq to A4) and is required every two milliseconds. The memory may be used in a- low 
power standby mode by having cenable at Vss potential. 

The 1103A is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip 
than conventional MOS technologies. 



PIN CONFIGURATION 



A2 c 

Aq C 
A, C 
N.C. C 
AgC 

AeC 

Ast: 
A7C 



18 D READ/WRITE 

17 J Vss 

16 D CENABLE 

15 3 A4 

14 J DATA OUT 

13 J Ag 

12 3 DATA IN 

11 H Vdd 

10 3 Vbb 



LOGIC SYMBOL 



BLOCK DIAGRAM 











CE 


R/W 




Ao 

Ai 






A7 






A3 
A-i 


DoUT 




As 
Ac 






A7 






Ag 

Ag 





AoO 
AtC 
A2C 
A3O 
A4C 



ADDRESS 

LATCH 

AND 

INVERTERS 



10F32 

ROW 

SELECTOR 



READ/ 

WRITE 

AMPLIFIERS 



PIN NAMES 



READ/WRITE O— 



D|N DATA INPUT 


NO NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED) 


A0-A9 ADDRESS INPUTS 


CE CHIP ENABLE 


R/W READ/WRITE 


DoUT DATA OUTPUT 



MEMORY MATRIX; 
32 ROWS 
32 COLUMNS 
(1024 BITS) 



1-64 



REFRESH 

AMPLIFIERS 

READAVRITE 

COLUMN 

GATING 



f32 



10F32 
COLUMN 
SELECTOR 



AUU 

A5 Ag Ay Ag Ag 
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Absolute Maximum Ratings* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vgg —25V to 0.3V 

Supply Voltages V^q and Vss with Respect to Vqq -25V to 0.3V 

Power Dissipation ^. 1 ,0W 

*COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to ttie device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



i 



D. C. and Operating Characteristics 

Ta = 0°C to +70°C, Vss^^^ = 16V ± 5%, (Vbb -Vss ) ^^^ 



= 3V to 4V, Vqd = OV unless otherwise specified. 



Symbol 


Test 


Min. 


Typ. Max. 


Unit 


Conditions 


•li 


Input Load Current (All Input 
Pins) 


1 


li/K 


V;m=OV 


•lo 


Output Leakage Current 


1 


ma 


VouT = ov 


Ibb 


Vbb Supply Current 


100 


MA 




'ddi 


Supply Current During Cenable 
On 


4 11 


mA 


Cenable = 0V;Ta=25°C 


'dD2 


Supply Current During Cenable 
Off 


0.1 4 


mA 


Cenable = Vss; To, = 25° C 


'ddav 


Average Supply Current 


17 25 


mA 


Cycle Time = 580ns; T;^ = 25 


°C 


V,L 


Input Low Voltage 


Vdd-' 


Vdd+1 


V 




V,H 


Input High Voltage 


Vss-1 


Vss+1 


V 




'0H1 


Output High Current 


600 


1800 4000 


/iA 


Tp, = 25°C " 


" f'tOAo''*' ~ 


loon 


1 
'0H2 


Output High Current 


500 


1500 4000 


MA 


Ta=70°C 


•OL 


Output Low Current 


See Note Three 






VoHl 


Output High Voltage 


60 


180 400 


mV 


Ta = 25°C 


V0H2 


Output High Voltage 


50 


150 400 


mV 


T^ = 70°cJ 


Vol 


Output Low Voltage 


See Note Three 









NOTES: 

1. The Vss current drain is equal to (Idd "^ 'oh) oi" ^'DD ■*■ 'OL^- 

2. (Vbb —Vss) supply should be applied at or before Vss- 

3. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks. 
Vql equals Iql across the load resistor. 

4. This value of load resistance is used for nneasurement purposes. In applications the resistance may range fronn lOOn to 1 kn. 
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i 



Supply Current vs Temperature 




5 
4.1 



E 3.9 



— n 1 — 

Vss = le-sv 
-Vbb-Vss=3V- 



'FGUARANTEED 



25 50 70 

Trc) 



Typical Characteristics 



OUTPUT HIGH CURRENT 
VS. SUPPLY VOLTAGE 









8 


p- 


^^ 


Vb 


|-Vss=2 


V 


S 




- 






f 


fl 


B 


^ 






u 


B 


s 










'K 


8 




0PERA1 


ING REG 


ON 




S 





12 13 14 15 16 17 

Vss (V) 



IpD VS. CENABLE 




AVERAGE IpD VS. 
SUPPLY VOLTAGE 



CYCLE TIME IS 580ns 


llllljj 


liiiiiii 




Vbb-V 


SS=3V 


R 


B 


X 


Ta = 


OOC^ 


R 


S 


/ 


Ta = 


70OC^ 


ft 


B 




OPERATINC 


REGION — 


-% 


M. 





15 
Vss (V) 



AVERAGE IpD VS. 
1103A CYCLE TIME 




.5 .6 .7 .8.91.0 



CYCLE TIME (ms) 



2-/5 
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A-C. Characteristics Ta= o°c to 70°c, Vgs = lev ± 5%, (Vbb -Vss ) = 3.ov to 4.ov, y^o = ov 

READ, WRITE, AND READ/WRITE CYCLE 



Symbol 


"1 
Test 


Min. Max. 


Unit 


Conditions 


^REF 


Time Between Refresh 


2 


ms 




tAC 


Address to Cenable Set Up 
Time 





ns 


tAH 


Address Hold Time 


100 


ns 


tec 


Cenable Off Time 


230 


ns 



i 



READ CYCLE 



Symbol 


Test 


Min. 


Max. 


Unit 


Conditions 


^RC 


Read Cycle 


480 


ns 


tT=20ns 

^ACC ^ Vc MIN ■*" 


Cload=100pF 
VpjEP =40mV 


*CV 


Cenable on Time 


210 


500 


ns 


tec 


Cenable Output Delay 


185 


ns 


^ACC 


ADDRESS TO OUTPUT 
ACCESS 


205 


ns 


^H 


Read/Write Hold Time 


30 


ns 



WRITE OR READ/WRITE CYCLE 



CAPACITANCE^^J Ta = 25°C 



Symbol 


Test 


Min. 


Max. 


Unit 


Conditions 


^WCY 


Write Cycle 


580 


ns 




- tT=20ns 


= 100^ 


■^RWC 


Read/Write Cycle 


580 


ns 


^CW 


Cenable to Read/Write Delay 


210 


500 


ns 


rCLOAD = ''00pF;RLOAD = 
V,,^^ = 40mV 


%P 


Read/Write Pulse Width 


50 


ns 


tw 


Read/Write Set Up Time 


80 


ns 


^DW 


Data Set Up Time 


105 


ns 


^DH 


Data Hold Time 


10 


ns 


tco 


Output Delay 


185 


ns 


twc 


Read/Write to Cenable 





ns 




ncr 



Symbol 


Test 


Typ. Plastic Pkg. Ceramic Pkg. 
Plastic Max. Max. 


Unit 


Conditions 


Cad 


Address Capacitance 


5 7 12 


pF 


V,N=Vss 1 


f = 1MHz. All 
- unused pins are 
at A.C. ground. 


CcE 


Cenable Capacitance 


22 25 28 


pF 


V,N = Vss 


Crw 


Read/Write Capacitance 


11 15 19.5 


pF 


V,N = Vss 


C|N1 


Data Input Capacitance 


4 5 7.5 


pF 


Cenable = OV 
V,N = Vss 


C|N2 


Data Input Capacitance 


2 4 6.5 


pF 


Cenable = Vss 


COUT 


Data Output Capacitance 


2 3 7.0 


pF 


V,N = Vss 
VouT = OV J 



NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions. 
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WRITE CYCLE OR READ/WRITE CYCLE 
Timing illustrated for minimum cycle. 



( 


J 


50 100 
1 1 


150 

1 


20 

1 


3 


25 
1 


3 300 
1 

— twcyOR^RWC 


350 
1 


400 450 500 55 

1 1 1 1 


) 


600 

1 












-*- 


tAC 


-«- 


ADDRESS ^C 


r® 


ADDRESS STABLE ^^ 


ADDRESS CAN CHANGE 


x: 


ADDRESS 
STABLE 




^AC 








y 








V,,, _^^^^^_. 


\ 


^ tAH ► 








CENABLE 

Vii 








V. 


twc- 






















\ , 


/ 




READ/WRITE 


/ 


r" 
















X 




-tow'^'— ► 




^W 




DATA IN 




DATA CAN CHANGE 


/ 




K 


DATA CAN CHANGE 
















Vqh 


*< CO > 












yA VREF=40mV 
«/^ Rload = 100^ ' 
Cload = lOOpF 


> 

► 


V 




■ 


\ 




DATA OUT 


DATA OUT 
NOT VALID 












kLID 












^ACC 




- DATA OUT Vfi 





READ CYCLE 






READ/WRITE 



/ 



50 100 150 200 250 

I I I I I 



ADDRESS STABLE 



\. 



X 



300 350 400 450 500 550 600 

I I I I I I I 



ADDRESS CAN CHANGE 



x: 



/' 



/Vref = 40mV ^^ K 
R LOAD =10012-^ X 



-*- DATA OUT VALID 



ADDRESS 
STABLE 



V 



CD Vnn + 2V 1 

/><v »y ow r ^T 's defined as the transition between these two points. 

v£^ vss — 2V J 

3. tQy\j is referenced to point • 1 of the rising edge of cenabie or Read/Write, whichever occurs first. 

4. tDH is referenced to point 2 of the rising edge of Read/Write. 
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1103A-1 

FULLY DECODED RANDOM ACCESS 
1024 BIT DYNAMIC MEMORY 



i 



■ High Speed 1103 A - Access Time - 145ns/Cycle Time-340ns 



*No Precharge Required -Critical 
Precharge Timing is Eliminated 

■ Low Standby Power Dissipa- 
tion- 0.2 pW/Bit Typical 

° Address Registers 
Incorporated on the Chip 



■ Simple Memory Expansion — 
Chip Enable Input Lead 

" Inputs Protected -All Inputs 
Have Protection Against 
Static Charge 

■ Standard 18-Pin Dual 
In-Line Packages 



The lntel®1103A-1 is a high speed 1024 bit dynamic random access memory and is the fastest version of the 
standard 1 103A. It is designed primarily for main memory applications where high performance, low cost, and 
large bit storage are important design objectives. 

1103A-1 systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 

Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing Aq to A4) and is required every one millisecond. The memory may be used in a low 
power standby mode by having cenable at Vss potential. 

The 1 103A-1 Is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip 
than conventional MOS technologies. 



PIN CONFIGURATION 



Ao 3| 

N.C. 5 1 

Ag 6 

\ 7 

A5 8 

A7 9| 



LOGIC SYMBOL 



18 R/W 

16 CENABLE 
15 A4 

13 Ag 

12 D,^, 
10 Vbb 

PIN NAMES 



CE R/W 



D|N DATA INPUT 


NC NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED) 


A0-A9 ADDRESS INPUTS 


CE CHIP ENABLE 


R/W READ/WRITE 


D^iJi^ DATA OUTPUT 



BLOCK DIAGRAM 



ADDRESS 

LATCH 

AND 

INVERTERS 



1 OF 32 

ROW 

SELECTOR 



READ/ 

WRITE 

AMPLIFIERS 



READ/WRITE O- 



MEMORY MATRIX: 
32 ROWS 
32 COLUMNS 
(1024 BITS) 



J- 64 



REFRESH 
AMPLIFIERS 
READ/WRITE 

COLUMN 
GATING 



J- 32 



10F32 
COLUMN 
SELECTOR 



A i A A A 

Ag Ag A7 Ag Ag 
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Absolute Maximum Ratings'^ 



Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150 °C 

All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vgg —25V to 0.3V 

Supply Voltages Vqd and Vgs with Respect to Vge -25V to 0.3V 

Power Dissipation LOW 

* COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



D. C. and Operating Characteristics 



TA=0°Cto + 55°C,Vss^^^ =19V±5%, (Vbb -Vss )^^^ = 3V to 4V, 


Vdd = 


OV unless otherwise specified. 


Symbol 


Test 


Min. Typ. Max. 


Unit 


Conditions 


'li 


Input Load Current (All Input 
Pins) 


10 


ma 


v,N = ov 


'lo 


Output Leakage Current 


10 


MA 


VouT = OV 


'bb 


Vgg Supply Current 


1dO 


ma 




'ddi 


Supply Current During Cenable 
On 


7 11 


mA 


Cenable = 0V;Ta=25°C 


'dD2 


Supply Current During Cenable 
Off 


0.01 0.5 


mA 


Cenable = Vss;Ta = 25° C 


'ddav 


Average Supply Current 


25 33 


mA 


Cycle Time = 340ns; Ta = 25°C 


V,L 


Input Low Voltage 


Vdd-1 Vdd+i 


V 




V,H 


Input High Voltage 


Vss-1 Vss+1 


V 




'OHI 


Output High Current 


1150 1800 7000 


/iA 


Ta = 25°C-J 


- RloadI'*! = lOOfi 


'0H2 


Output High Current 


900 1600 7000 


MA 


Ta=55°C 


•OL 


Output Low Current 


. See Note Three 






VOHI 


Output High Voltage 


115 180 700 


mV 


Ta = 25°C 


^0H2 


Output High Voltage 


90 160 700 


mV 


Ta = 55°C _ 


Vol 


Output Low Voltage 


See Note Three 









NOTES: 

1. The Vss current drain is equal to (Idd+ Iqh) or (Idd + 'OL)- 

2. (Vbb — Vss) supply should be applied at or before Vss- 

3. The output current when reading a low output is the leakage current of the 1 103 plus external noise coupled into the output line from the clocks. 
Vol equals Iql across the load resistor. 

4. This value of load resistance is used for measurennent purposes. In applications the resistance may range from lOOn to 1 kf2. 
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A.C- Characteristics Ta = o°c to 55°c, Vss = i9v ±5%, (Vbb -Vss )=3.ov to 4.ov, Vdd = ov. 

READ, WRITE, AND READ/WRITE CYCLE 



Symbol 


Test 


Min. Max. 


Unit 


"■■ ■■ 1 

Conditions 


^REF 


Time Between Refresh 


1 


ms 




^AC 


Address to Cenable Set Up 
Time 





ns 


tAH 


Address Hold Time 


100 


ns 


^CC 


Cenable Off Time 


120 


ns 



fl 



READ CYCLE 



1 

Symbol 


Test 


Min. 


Max. 


Unit 


Conditions 


tRC 


Read Cycle 


300 


ns 


tT=20ns 

^ACC ^ Vc MIN "^ 


Cload= sopF 
' Rload = loon 

Vref = 80mV 


^CV 


Cenable on Time 


140 


500 


ns 


tec 


Cenable Output Delay 


125 


ns 


*ACC 


ADDRESS TO OUTPUT 
ACCESS 


145 


ns 


V/H 


Read/Write Hold Time 


30 


ns 



WRITE OR READ/WRITE CYCLE 



CAPACITANCEII^ Ta = 25°C 



Symbol 


Test 


Min. Max. 


Unit 


Conditions 


^WCY 


Write Cycle 


340 


ns 




- tT=20ns 


^RWC 


Read/Write Cycle 


340 


ns 


^CW 


Cenable to Read/Write Delay 


140 500 


ns 




tyy/p 


Read/Write Pulse Width 


20 


ns 


tw 


Read/Write Set Up Time 


20 


ns 


^DW 


Data Set Up Time 


40 


ns 


^DH 


Data Hold Time 


10 


ns 




'Cload= 50pF>;Rload = 100^ 
Voce =80mV 


^CO 


Output Delay 


125 


ns 


- 


two 


Read/Write to Cenable 





ns 







Symbol 


Test 


Typ. Plastic Pkg. Ceramic Pkg. 
Plastic Max. Max. 


Unit 


Conditions 


Cad 


Address Capacitance 


5 7 12 


pF 


V|N = Vss 1 


f = 1MHz. All 
- unused pins are 
at A.C. ground. 


CcE 


Cenable Capacitance 


22 25 28 


pF 


V|N = Vss 


Crw 


Read/Write Capacitance 


11 15 19.5 


pF 


V,N = Vss 


C|N1 


Data Input Capacitance 


4 5 7.5 


pF 


Cenable = OV 
V,N = Vss 


C|N2 


Data Input Capacitance 


2 4 6.5 


pF 


Cenable = Vgs 


CoUT 


Data Output Capacitance 


2 3 7.0 


pF 


V,N = Vss 
VouT=OV J 



NOTES: 1. These parameters are periodically sampled and are not 100% tested. Tliey are measured at worst case operating conditions. 
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WRITE CYCLE OR READ/WRITE CYCLE 



zx: 



V,H 



/ 



ADDRESS STABLE 



\. 



x 



-twcyORtRWC- 



ADDRESS CAN CHANGE 



\^_/' 



DATA CAN CHANGE 



x: 



/VnEF = 40mV ^^t 



./' 



X 



x: 



- DATA OUT VALID 



DATA CAN CHANGE 



READ CYCLE 



3<: 



/ 



ADDRESS STABLE 



\. 



X 



ADDRESS CAN CHANGE 



/' 



/Vref = 40mV ^^ K 



Vref = 40mV 

Rload= loon' 

Cl0AD= 100 pF 



x: 



- DATA OUT VALID 



X. 



NOTES: 



CD Vnn + 2V n . . .. ^ .. • . . ^ 

>< ., „ , h ^T 's defined as the transition between these two points. 

V2^ Vss — 2V J 

3. tDvv is referenced to point 1 of the rising edge of cenable or Read/Write, whichever occurs first. 

4. t[)H is referenced to point 2 of the rising edge of Read/Write. 
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Supply Current vs Temperature 




B 



Typical Characteristics 



OUTPUT HIGH CURRENT 
VS. SUPPLY VOLTAGE 




AVERAGE IjjD VS. 
SUPPLY VOLTAGE 



35 

^ 31 
1 

23 




liiliiil 


w^mm 








III 


H 


V^B -VSS = 


3V 
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IpD vs. CENABLE 
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INTERNAL 
TIMING 
DRIVER 
CURRENT Iqo 

i i 



INTERNAL 

PRECHARGING 

CURRENT 



■M 



CYCLE TIME (ms) 
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1103A-2 

FULLY DECODED RANDOM ACCESS 
1024 BIT DYNAMIC MEMORY 



■ High Speed 1103 A - Access Time * 145ns/Cycle Time- 400ns 



^No Precharge Required --Critical 
Precharge Timing is Eliminated 

" Low Standby Power Dissipa- 
tion -0.2 pW/Bit Typical 

" Address Registers 
Incorporated on the Chip 



Simple Memory Expansion — 
Chip Enable Input Lead 

Inputs Protected -All Inputs 
Have Protection Against 
Static Charge 

Standard 18-Pin Dual 
In-Line Packages 



The lntel®l130A-2 is a high speed 1024 bit dynamic random access memory and is the 400ns cycle time version 
of the standard 1103A. It is designed primarily for main memory applications where high performance, low cost, 
and large bit storage are important design objectives. 

1 103A-2 systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 

Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing Aq to A4) and is required every one millisecond. The memory may be used in a low 
power standby mode by having cenable at Vss potential. 

The 1 103A-2 Is, fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip 
than conventional MOS technologies. 



PIN CONFIGURATION 



Ao 3| 

A, 4| 

N.C. 5 1 

Ag 6 

Ae 7 

A5 8 

A, 9 



18 R/W 

16 CENABLE 

15 A4 

1103A-2 Ji4 D^ 

13 Ag 

12 D,N 

10 V„„ 



LOGIC SYMBOL 



1103A-2 



PIN NAMES 



D|N 


DATA INPUT 


NO 


NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED) 


A0-A9 


ADDRESS INPUTS 


CE 


CHIP ENABLE 


R/W 


READ/WRITE 


DOUT 


DATA OUTPUT 



BLOCK DIAGRAM 



AoO 
AtO 

A20 
A30 
A4C 



ADDRESS 

LATCH 

AND 

INVERTERS 



1 OF 32 

ROW 

SELECTOR 



READ/ 

WRITE 

AMPLIFIERS 



READ/WRITE O- 



MEMORY MATRIX: 
32 ROWS 
32 COLUMNS 
(1024 BITS) 



i-64 



REFRESH 

AMPLIFIERS 

READ/WRITE 

COLUMN 

GATING 



J^32 



10F32 
COLUMN 
SELECTOR 



± 



UAH 

Ag Ae A7 Ag Ag 
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Absolute Maximum Ratings* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vgg -25V to 0.3V 

Supply Voltages Vqd and Vgs with Respect to Vgg -25V to 0.3V 

Power Dissipation LOW 

"COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

D. C. and Operating Characteristics 

Ta= 0°C to + 55°C, Vss^^^ = 19V ± 5%, (Vbb -Vss )^^^ = 3V to 4V, Vqd = OV unless otherwise specified. 



■ 



Symbol 


Test 


Min. Typ. Max. 


Unit 


Conditions 


lu 


Input Load Current (All Input 
Pins) 


10 


iuA 


v,N = ov 


Ilo 


Output Leakage Current 


10 


/iA 


VouT = OV 


Ibb 


Vgg Supply Current 


100 


ma 




'ddi 


Supply Current During Cenable 
On 


7 11 


mA 


Cenable = 0V;Ta = 25°C 


'dD2 


Supply Current During Cenable 
Off 


0.01 0.5 


mA 


Cenable = Vss ;Ta = 25° C 


'ddav 


Average Supply Current 


22 30 


mA 


Cycle Time = 400 ns; Ta= 25 


°C 


V|L 


Input Low Voltage 


Vdd-1 Vdd+1 


V 




V,H 


Input High Voltage 


Vss-1 Vss+1 


V 




1 

'OHI 


Output High Current 


1150 1800 7000 


MA 


TA = 25°cn 


- RloadI^I = 


loon 


1 

'0H2 


Output High Current 


900 1600 7000 


MA 


Ta=55°C 


'OL 


Output Low Current 


See Note Three 






VoHl 


Output High Voltage 


115 180 700 


mV 


Ta = 25°C 


^0H2 


Output High Voltage 


90 160 700 


mV 


Ta = 55°cJ 


Vol 


Output Low Voltage 


See Note Three 









NOTES: 

1. The Vss current drain is equal to (IdD "*" 'OH^ O'' ('DD "^ 'OL^- 

2. (Vbb ~"Vss) supply should be applied at or before Vss- 

3. The output current when reading a low output is the leakage current of the 1 103 plus external noise coupled into the output line from the clocks. 
Vql equals Iql across the load resistor, 

4. This value of load resistance is used for measurement purposes. In applications the resistance may range from lOOn to 1 kfi. 
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A.C. Characteristics Ta = o°c to 55°c, vss = i9v ±5%, (Vbb -vss )=3.ov to 4.ov, Vdd = ov. 

READ, WRITE, AND READ/WRITE CYCL'E Refer to page 2-23 for definitions. 



Symbol 


Test 


Min. Max. 


Unit 


Conditions 


^REF 


Time Between Refresh 


1 


ms 




^AC 


Address to Cenable Set Up 
Time 





ns 


tAH 


Address Hold Time 


100 


ns 


*CC 


Cenable Off Time 


180 


ns 



READ CYCLE 



Symbol 


< 
Test? 


Min. 


Max. 


Unit 


Conditions 


*RC 


Read Cycle 


360 


ns 


tT=20ns 

^ACC " Vc MIN "^ 

to-'V 

-J 


Cload= 50pF 

■Rload = 10012 

Vrep = 80mV 


tcv 


Cenable on Time 


140 


500 


ns 


tco 


Cenable Output Delay 


125 


ns 


^ACC 


ADDRESS TO OUTPUT 
ACCESS 


145 


ns 


Sa/h 


Read/Write Hold Time 


30 


ns 



WRITE OR READ/WRITE CYCLE 



CAPACITANCEflJ Ta = 25°C 



Symbol 


Tes. 


Min. 


Max. 


Unit 


Conditions 


^WCY 


Write Cycle 


400 


ns 




- tT=20ns 


= 10012 


^RWC 


Read/Write Cycle 


400 


ns 


^CW 


Cenable to Read/Write Delay 


140 


500 


ns 


r^LOAD" 50pF,Rload' 
V,^^r-=80mV 


tyvp 


Read/Write Pulse Width 


20 


ns 


tyv 


Read/Vi/rite Set Up Time 


20 


ns 


^DW 


Data Set Up Time 


40 


ns 


^DH 


Data Hold Time 


10 


ns 


^CO 


Output Delay 


125 


ns 


^WC 


Read/Write to Cenable 





ns 




ncp 



Symbol 


Test 


Typ. Plastic Pkg. Ceramic Pkg. 
Plastic Max. Max. 


Unit 


Conditions 


Cad 


Address Capacitance 


5 7 12 


PF 


V|N=Vss 


f = 1MH2. All 
- unused pins are 
at A.C. ground. 


CcE 


Cenable Capacitance 


22 25 28 


pF 


V,N = Vss 


Crw 


Read/Write Capacitance 


11 15 19.5 


pF 


V,N = Vss 


C|N1 


Data Input Capacitance 


4 5 7.5 


pF 


Cenable = 0V 
V,N = Vss 


C|N2 


Data Input Capacitance 


2 4 6.5 


pF 


Cenable = Vss 


CoUT 


Data Output Capacitance 


2 3 7.0 


pF 


V|N = Vss 
VoUT=OV _ 



NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions. 
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Supply Current vs Temperature 




a 



Typical Characteristics 



OUTPUT HIGH CURRENT 
VS. SUPPLY VOLTAGE 




AVERAGE IpD VS. 
SUPPLY VOLTAGE 



32 

^ 28 

< 

J 

Ul 

% 24 

I 

20 

1R 




•■ 




• ■ ■ 1 












3V 






1 ^ 






^ 


"X 


CYCLE 
TIME - 400n$ 




OPERATING 
REGION 

■„J/,.,. 







Vss (V) 



AVERAGE Ipjj VS, 













CYCLE TIME 
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A 
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Iqd VS. CENABLE 



V 




INTERNAL 
TIMING 
DRIVER 
CURRENT Ipo 

i \ 



INTERNAL 

PRECHARGING 

CURRENT 



/^ 



CYCLE TIME (ms) 
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2101A 
256 X 4 RAM WITH SEPARATE I/O 



2101A-2 


250 ns Max. 


2101A 


350 ns Max. 


2101A-4 


450 ns Max. 



■ 256 X 4 Organization to Meet 
Needs for Small System 
Memories 

■ Single +5V Supply Voltage 

■ Directly TTL Compatible: 
All Inputs and Output 

■ Statis MOS: No Clocks or 
Refreshing Required 

B Simple Memory Expansion: 
Chip Enable Input 



■ Inputs Protected: All Inputs 
Have Protection Against 
Static Charge 

■ Low Cost Packaging: 22 Pin 
Plastic Dual In-Line 
Configuration 

■ Low Power: Typically 150mW 

■ Three-State Output: OR-Tie 
Capability 

■ Output Disable Provided for 
Ease of Use in Common Data 



Bus Systems 

The Intel® 21 01 A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. 

The 21 01 A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables allow easy selection of 
an Individual package when outputs are OR-tied. An output disable is provided so that data inputs and outputs can be tied for 
common I/O systems. The output disable function eliminates the need for bi-directional logic in a common I/O system. 

The Intel® 2101A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 



PIN CONFIGURATION 


LOGIC SYMBOL 


A3[Z 
A,IZ 


1 22 

2 21 


I]Vcc 

ZlA, 


— 


A, DO, 




A,[= 
A„[Z 
AsCZ 


3 20 

4 19 

5 18 


ZlCE, 
1 OD 


— 


A2 

A3 DO2 

A4 

A5 DO3 


- 


M= 


6 17 


ZICE2 


— 


Ae 




A,CI 


7 16 


ZlDO, 


— 


A7 DO, 


— 


GND [^ 


8 15 

9 14 

10 13 


ZIDO3 

Zlm3 


— 


Dl, 

D,; 
DI3 
DI4 


- 


DI2 d 


11 12 


ZIDO2 




R/W CE2 CEI 








PIN NAMES 


1 1 ? 






DI^-DI^ DATA INPUT 


CE2 CHIP ENABLE 2 






A0-A7 ADDRESS INPUTS 


OD OUTPUT DISABLE 






R/W READ/WRITE INPUT 


DO1-DO4 DATA OUTPUT 






CE, CHIP ENABLE 1 


Vcc POWER (+5V) 





BLOCK DIAGRAM 




0= PIN NUMBERS 
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Absolute Maximum Ratings'^ 

Ambient Temperature Under Bias -10°C to 80°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



msi. 



■'^i&m I 



'^^mir,. 



"COMMENT: "'^ 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure^to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 
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D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified 



Symbol 


Parameter 


Min. 


Typ.f^l 


Max. 


Unit 


Test Conditions 


Ili 


Input Current 




1 


10 


ma 


V,N =0 to 5.25V 


'loh 


I/O Leakage Current[2] 




1 


10 


ma 


CEi = 2.2V, VouT = 4.0V 


'lol 


I/O Leakage Current t2] 




-1 


-10 


ma 


CEi=2.2V,VouT = 0-45V 


'cci 


Power Supply 2101A. 2101A-4 




35 


55 


mA 


V|N = 5.25V, lo = 0mA 




Current 2101A-2 




45 


65 


Ta = 25°C 


'CC2 


Power Supply 2101A, 2101A-4 






60 


mA 


V|N = 5.25V, lo = 0mA 




Current 2101A-2 






70 


Ta = 0°C 


V,L 


Input "Low" Voltage 


-0.5 




+0.8 


V 




V|H 


Input "High" Voltage 


2.0 




Vcc 


V 




Vol 


Output "Low" Voltage 






+0.45 


V 


Iql = 2.0mA 


VOH 


Output "High" 2101A, 2101A-2 


2.4 






V 


lOH =-200juA 




Voltage 2101A-4 


2.4 






V 


ioH=-150AiA 



Typical D. C. Characteristics 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 



I w 




AMBI 


INTTE 


MPERA 


TURE 




\^ 


^^ 


-25°C 
-70°C 










\l 


V 














\ 














^ 


V 


Vcc = 4 
OUTPU 


75V 
T-HIG 


H-TYP 


ICAL 






\ 






> 


V 









AMBI 


ENTTE 


MPERA 


TURE = 


% 


^ 


^ 








A 


z. 


>1 


^ 






/y 


V 


/ 


y\ 








r 


/ 


IVZ 








/ 


/ 


Vcc = 4 

OUTPU 


.7SW 
T "LOV 


V'TYP 


CAL 


/ 


y 




/ 















NOTES: 1. Typical values are for Ta = 25° C and nominal supply voltage. 
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A.C. Characteristics for 2101A-2 (250 ns Access Time) 

READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5%, unless otherwise specified. 



' '^siiie 



Symbol 


Parameter 


Min. 


Typ"' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


250 






ns 




tA 


Access Time 






250 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






180 


ns 




tOD 


Output Disable To Output 






130 


ns 


Timing Reference = 1.5V 


tDFl3] 


Data Output to High Z State 







180 


ns 


Load = 1 TTL Gate 


^OH 


Previous Read Data Valid 
after change of Address 


40 






ns 


and C|_= lOOpF. 



WRITE CYCLE 



Symbol 


■ ■'■■ - 

Parameter 


Min. 


Tvp'.^' 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


170 






ns 




^AW 


Write Delay 


20 






ns 


tr, tf = 20ns 


tew 


Chip Enable To Write 


150 






ns 




tow 


Data Setup 


150 






ns 


Timing Reference = 1.5V 


tDH 


Data Hold 









ns 


Load = 1 TTL Gate 


twp 


Write Pulse 


150 






ns 


and Cl= lOOpF. 


tWR 


Write Recovery 









ns 




tDS 


Output Disable Setup 


20 






ns 





A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.8 Volt and 2.0 Volts 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl = lOOpF 

Waveforms 

READ CYCLE 



[2] 



Capacitance Ta = 25°c, f 



1MHz 





Test 


Limits (pF) 


Symbol 


Typ.ni 


Max. 


C|N 


Input Capacitance 

(All Input Pins) V|n = OV 


4 


8 


Cqut 


Output Capacitance Vqut = OV 


8 


12 



WRITE CYCLE 



0( 



(COMMON I/O) '' 



DATA 
OUT 



\f ADDRESS \^ 



\ 



/C: 



^. 



'j{ 



J 



P' 






DATA OUT 
VALID 



(COMMON I/O) '"' 



NOTES: 



Typical values are for T/^ = 25° C and nominal supply voltage. 
This parameter is periodically sampled and is not 100% tested. 
tpF is with respect to the trailing edge of CE-) , CE2, 
or OD, whichever occurs first. 



)C 



\ 



/ 



DATA IN 
STABLE 



/ 



\ 



7 



4. OD should be tied low for separate I/O operation. 
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21 01 A (350 ns Access Time) 
A.C. Characteristics 

READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5%, unless otherwise specified. 






Symbol 


Parameter 


Min. 


Tvp'^' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


350 






ns 




tA 


Access Time 






350 


ns 


tr, tf - 20ns 


tco 


Chip Enable To Output 






240 


ns 




tOD 


Output Disable To Output 






180 


ns 


Timing Reference = ^.b\J 


tDF [2] 


Data Output to High Z State 







150 


ns 


Load = 1 TTLGate 


^OH 


Previous Read Data Valid 
after change of Address 


40 






ns 


and C|_ - lOOpF. 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typl^^ 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


220 






ns 




^AW 


Write Delay 


20 






ns 


tr, tf = 20ns 


tew 


Chip Enable To Write 


200 






ns 




^DW 


Data Setup 


200 






ns 


Timing Reference = 1.5\/ 


^DH 


Data Hold 









ns 


Load= 1 TTLGate 


twp 


Write Pulse 


200 






ns 


and Cl = lOOpF. 


tWR 


Write Recovery 









ns 




tDS 


Output Disable Setup 


20 






ns 





2101A-4 (450 ns Access Time) 
A.C. Characteristics 



READ CYCLE 


Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


450 






ns 




tA 


Access Time 






450 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






310 


ns 




tOD 


Output Disable To Output 






250 


ns 


Timing Reference = 1.5V 


top [2] 


Data Output to High Z State 







200 


ns 


Load = 1 TTL Gate 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 


and Cl = lOOpF. 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


270 






ns 




tAW 


Write Delay 


20 






ns 


tr. tf = 20ns 


tew 


Chip Enable To Write 


250 






ns 




tow 


Data Setup 


250 






ns 


Timing Reference = 1.5V 


tpH 


Data Hold 









ns 


Load = 1 TTL Gate 


twp 


Write Pulse 


250 






ns 


and Cl = lOOpF. 


tWR 


Write Recovery 









ns 




tps 


Output Disable Setup 


20 






ns 





NOTES: 1. Typical values are for Ta = 25° C and nom inal supply voltage. 

2. tpp is with respect to the trailing edge of CEi , CE2, or OD, whichever occurs first. 
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intgl 2101,2101-1,2101-2 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH SEPARATE I/O 



256 X 4 Organization to Meet Needs 
for Small System Memories 

Access Time — 0.5 to 1 /xsec Max. 

Single +5V Supply Voltage 

Directly TTL Compatible — All Inputs 
and Output 

Static MOS — No Clocks or 
Refreshing Required 

Simple Memory Expansion — Chip 
Enable Input 



Inputs Protected — All Inputs Have 
Protection Against Static Charge 

Low Cost Packaging — 22 Pin Plastic 
Dual-ln-Line Configuration 

Low Power — Typically 150 mW 

Three-State Output — OR-Tie 
Capability 

Output Disable Provided for Ease of 
Use in Common Data Bus Systems 



The Inter2101 is a 256 word by 4 bit static random access memory element using normally off N-channel 
MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires 
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the 
input data. 

The 2101 is designed for memory applications where high performance, low cost, large bit storage, and sim- 
ple interfacing are important design objectives. 

It is directly TTL compatible in ail respects: inputs, outputs, and a single +5V supply. Two chip-enables 
allow easy selection of an individual package when outputs are OR-tied. An output disable is provided so that 
data inputs and outputs can be tied for common I/O systems. The output disable function eliminates the 
need for bidirectional logic in a common I/O system. 

The Intel 2101 is fabricated with N-channel silicon gate technology. This technology allows the design and 
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon- 
olithic chip than either conventional MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use 
of low cost silicone packaging. 



PIN CONFIGURATION 



LOGIC SYMBOL 



A. 

A2CZI 
A, 
Ao 
A5 

Aed 
A. I 
GND I 

Dill 
DUJ 



" "V 

1 


y 

22 


2 


21 


3 


20 


4 


19 


5 18 1 
2101 1 


6 


17 


7 


16 


8 


15 


9 


14 


10 


13 


11 


12 



ZlVcc 

=!A4 

I R/W 
ZlCEi 

I OD 
ZICE2 

ZIdo^ 

ZIDI4 
ZIDO3 
Z3DI3 
ZIDO2 






PIN NAMES 


DI,.DU 


DATA INPUT 


CEj CHIP ENABLE 2 


Ao-A, 


ADDRESS INPUTS 


OD OUTPUT DISABLE 


R/W 


READ/WRITE INPUT 


DO1-DO4 . DATA OUTPUT 


CE, 


CHIP ENABLE 1 


Vcc POWER (+5V) 



BLOCK DIAGRAM 




0= PIN NUMBERS 
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2101, 2101-1, 2101-2 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias 0°C to 70° C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



^COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 
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D.C. and Operating Characteristics for 2101, 2101-1, 2101-2 



Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ.f^^ 


Max. 


Unit 


Test Conditions 


Ili 


Input Current 






10 


AfA 


V,N = to 5.25V 


•loh 


I/O Leakage Currentt2] 






15 


MA 


CEi = 2.2V, VouT = 4.0V 


■lol 


I/O Leakage Current[2] 






-50 


ma 


CEi= 2.2V, VouT = 0.45 V 


•cci 


Power Supply Current 




30 


60 


mA 


V|N = 5.25V, lo = 0mA 
Ta = 25°C 


ICC2 


Power Supply Current 






70 


mA 


V,N = 5.25V, lo = 0mA 
Ta=0°C 


V|L 


input "Low" Voltage 


-0.5 




+0.65 


V 




V|H 


Input "High" Voltage 


2.2 




Vcc 


V 




Vol 


Output "Low" Voltage 






+0.45 


V 


l0L = 2.0mA 


VOH 


Output "High" Voltage 


2.2 






V 


l0H= -150 mA 



Typical D. C. Characteristics 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 



L \\ 




AMBI 
-0°C 


ENTTE 


MPER/ 


TURE 




^ 




-25°C 
-TO'C 








































!v 


Vcc = 4 
OUTPU 


75V 
T"HIG 


H"TYP 


ICAL 






\ 






\ 


V 









AMBI 


INTTE 


irtPERA 


TURE = 


„.^ 


^ 


^ 








A 


z. 


>^ 


^ 






/ 


y 


/ 


y 








// 


/ 


TCC 










/ 


Vcc =4 
OUTPU 


.75V 
T "L0\ 






J 






V" TYPICAL 


/ 













NOTES: 1. Typical values are for Ta = 25° C and nominal supply voltage. 
2. Input and Output tied together. 
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2101, 2101-1, 2101-2 
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A.C. Characteristics for 2101 

READ CYCLE T^ = 0°C to 70°C, Vqc = 5V ±5%, unless otherwise specified. 



Symbol 


Parameter 


Min. 


W^' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


1,000 






ns 


tr, tf = 20ns 
V|N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tA 


Access Time 






1,000 


ns 


tco 


Chip Enable To Output 






800 


ns 


tOD 


Output Disable To Output 






700 


ns 


tDp[3] 


Data Output to High Z State 







200 


ns 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typl^^ 


Max. 


Unit 


Test Conditions 


two 


Write Cycle 


1,000 






ns 


tr, tf = 20ns 
V,N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL=100pF. 


tAW 


Write Delay 


150 






ns 


tew 


Chip Enable To Write 


900 






ns 


tow 


Data Setup 


700 






ns 


tOH 


Data Hold 


100 






ns 


twp 


Write Pulse 


750 






ns 


tWR 


Write Recovery 


50 






ns 


tos 


Output Disable Setup 


200 






ns 



A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl = lOOpF 

Waveforms 

READ CYCLE 



[2] 



Capacitance ta = 25°c, f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ.Il] 


Max. 


C|N 


Input Capacitance 

(All Input Pins) V,N = OV 


4 


8 


COUT 


Output Capacitance Vqut = OV 


8 


12 



(COMMON I/O) '"' 




NOTES: 1. Typical values are for T/\ = 25" C and nominal supply voltage. 

2. Thisparanneter is periodically sampled and is not 100% tested. 

3. tDF is with respect to the trailing edge of CE-\, CE2, 
or CD, whichever occurs first. 



4. 00 should be tied low for separate I/O operation. 
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2101 , 2101-1, 2101-2 



2101-1 (500 ns Access Time) 
A.C. Characteristics for 2101-1 



READ CYCLE 


Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


500 






ns 


tr,tf = 20ns 
V|N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTLGate 

and Cl = lOOpF. 


tA 


Access Time 






500 


ns 


tco 


Chip Enable To Output 






350 


ns 


tOD 


Output disable To Output 






300 


ns 


tDF'f2] 


Data Output to High Z State 







150 


ns 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 



■ 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


TV,J.^' 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


500 






ns 


tr, tf = 20ns 
V|N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and Cl = lOOpF. 


tAW 


Write Delay 


100 






ns 


tew 


Chip Enable To Write 


400 






ns 


tow 


Data Setup 


280 






ns 


^DH 


Data Hold 


100 






ns 


twp 


Write Pulse 


300 






ns 


tWR 


Write Recovery 


50 






ns 


tps 


Output Disable Setup 


150 






ns 



2101-2 (650 ns Access Time) 
A.C. Characteristics for 2101-2 



READ CYCLE 


Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


650 






ns 


tr, tf = 20ns 
V|N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tA 


Access Time 






650 


ns 


too 


Chip Enable To Output 






400 


ns 


tOD 


Output Disable To Output 






350 


ns 


tDFf2] 


Data Output to High Z State 







150 


ns 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


TvJ.^' 


Max. 


Unit 


Test Conditions 


two 


Write Cycle 


650 






ns 


tr, tf = 20ns 
V,N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL = lOOpF. 


tAW 


Write Delay 


150 






ns 


tew 


Chip Enable To Write 


550 






ns 


tow 


Data Setup 


400 






ns 


tDH 


Data Hold 


100 






ns 


twp 


Write Pulse 


400 






ns 


tWR 


Write Recovery 


50 






ns 


tDS 


Output Disable Setup 


150 






ns 



NOTES: 1 . Typical values are for T^ = 25° C and nom inal supply voltage. 

2. tpF 'S with respect to the trailing edge of CEi , CE2, or CD, whichever occurs first. 
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2102A, 2102AL 
1K (1K X 1) STATIC RAM 





Standby Pwr. 


Operating Pwr. 


Access 


P/N 


(mW) 


(mW) 


(ns) 


2102AL-4 


35 


174 


450 


2102AL 


35 


174 


350 


2102AL-2 


42 


342 


250 


2102A-2 




342 


250 


2102A 





289 


350 


2102A-4 




289 


450 


2102A-6 




289 


650 



■ Single +5 Volts Supply Voltage 

■ Directly TTL Compatible: All 
Inputs and Output 

■ Standby Power Mode (2102AL) 

■ Three-State Output: OR-Tie 
Capability 



Inputs Protected: All Inputs 
Have Protection Against Static 
Charge 

Low Cost Packaging: 16 Pin 
Dual-ln-Line Configuration 



The Intel® 2102A is a high speed 1024 word by one bit static random access memory element using N-channel MOS devices 
integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to 
operated. The data is read out nondestructlvely and has the same polarity as the input data. 

The 21 02A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. A low standby power version (2102AL) is also available. It has all the same operating 
characteristics of the 2102A with the added feature of 35mW maximum power dissipation in standby and 174mW in operations. 

It is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip enable (CE) lead allows 
easy selection of an individual package when outputs are OR-tled. 

The Intel® 2102A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance easy to use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 



PIN 



CONFIGURATION LOGIC SYMBOL 




R^ 



PIN NAMES 



D,N 


DATA INPUT 


Ao-Ag 


ADDRESS INPUTS 


R/W 


READ/WRITE INPUT 


CE 


CHIP ENABLE 


DOUT 


DATA OUTPUT 


Vcc 


POWER (+5V) 



TRUTH TABLE 



MODE 
NOT SELECTED 
WRITE "0" 
WRITE "1" 
READ 



BLOCK DIAGRAM 






'■^H^ 



--®-o 




ri>^». 



- PIN NUMBERS 
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2102A FAMILY 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias -10°C to 80°C 
Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect To Ground -0.5V to +7V 

Power Dissipation 1 Watt 



^COMMENT: 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
at any other condition above those indicated in the opera- 
tional sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 



i 



D. C. and Operating Characteristics 



Ta = 0°C to 70° C, Vcc = 5V ±5% 


unless otherwise specified. 
















Symbol 


Parameter 


2102A,2102A-4 

2102AL,2102AL-4 

Limits 

Min. Typ.ni Max. 


2102A-2,2102AL-2 

Limits 

Min. Typ.Ml Max. 


Min. 


2101A-6 
Limits 
Typ.M] 


Max. 


Unit 


Test Conditions 


iu 


Input Load Current 


1 10 


1 10 


1 10 


iuA 


V,N = to 5.25V 


•loh 


Output Leakage Current 


1 5 


1 5 


1 5 


M 


CE = 2.0V, 
VoLrr = Vqh 


•lol 


Output Leakage Current 


-1 -10 




-1 


-10 




-1 


-10 


M 


CE = 2.0V, 
VouT = 0.4V 


Ice 


Power Supply Current 


33 Note 2 




45 


65 




33 


55 


mA 


All Inputs = 5.25V, 
Data Out Open, 
Ta = 0°C 


V|L 


Input Low Voltage 


-0.5 0.8 


-0.5 




0.8 


-0.5 




0.65 


V 




V|H 


Input High Voltage 


2.0 Vcc 


2.0 




Vcc 


2.2 




Vcc 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


0.45 


V 


IOL = 2.1mA 


VOH 


Output High Voltage 


2.4 


2.4 


2.2 


V 


Ioh = -100a«A 



Notes: 1 . Typical values are for T/^ = 25° C and nominal supply voltage. 

2. The maximum Ice value is 55mA for the 2102A and 2102A-4, and 33mA for the 2102AL and 2102AL-4. 

Standby Characteristics 2io2AL,2io2AL2,and2io2AL4 

Ta =0°Cto70°C 



Symbol 


Parameter 


2102AL,2102AL-4 

Limits 

Min. Typ.ni Max. 


Min. 


2102AL-2 
Limits 
Typ.n] 


Max. 


Unit 


Test Conditions 


VPD 


Vcc in Standby 


1.5 


1.5 


V 




VcEsf2] 


CE Bias in Standby 


2.0 


2.0 


V 


2.0V<VpD<VccMax. 






VpD 


VpD 


V 


1.5V<VpD<2.0V 


IPDI 


Standby Current 


15 23 




20 


28 


mA 


All lnputs=VpDi = 1.5V 


IPD2 


Standby Current 


20 30 




25 


38 


mA 


All lnputs=VpD2 = 2.0V 


tCP 


Chip Deselect to Standby Time 








ns 




tB'^l 


Standby Recovery Time 


tRC 


tRC 


ns 





STANDBY WAVEFORMS 




NOTES: 

1 . Typical values are for T/^ = 25° C. 

2. Consider the test conditions as shown: If the stand- 
by voltage (Vpp) is between 5.25V (Vcc Max.) and 
2.0V, then CE must be held at 2.0V Min. (V|h). If 
the standby voltage is less than 2.0V but greater than 
1.5V (VpD Min.), then CE and standby voltage 
must be at least the same value or, if they are dif- 
ferent, CE must be the more positive of the two. 

3- tR = tRC (READ CYCLE TIME). 
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A. C. Characteristics t^ = o°c to 7o°c, v^ 

READ CYCLE 



= 5V ±5% unless otherwise specified 



Symbol 


Parameter 


2102A-2,2102AL-2 

Limits (ns) 
Min. Max. 


2102A, 2102AL 

Limits (ns) 

Min. Max. 


2102A-4,2102AL-4 

Limits (ns) 
Min. Max. 


2102A-6 

Limits (ns) 

Min. Max. 


tRC 


Read Cycle 


250 


350 


450 


650 


tA 


Access Time 


250 


350 


450 


650 


tco 


Chip Enable to Output Time 


130 


180 


230 


400 


tOHl 


Previous Read Data Valid with 
Respect to Address 


40 


40 


40 


50 


tOH2 


Previous Read Data Valid with 
Respect to Chip Enable 














WRITE CYCLE 


twc 


Write Cycle 


250 


350 


450 


650 


tAW 


Address to Write Setup Time 


20 


20 


20 


200 


twP 


Write Pulse Width 


180 


250 


300 


400 


tWR 


Write Recovery Time 











50 


tow 


Data Setup Time 


180 


250 


300 


450 


tDH 


Data Hold Time 











20 


tew 


Chip Enable to Write Setup 
Time 


180 


250 


300 


550 



A.C. CONOmONS OF TEST 

Input Pulse Levels: 
Input Rise and Fall Times: 
Tinning Measurement Inputs: 
Reference Levels Output: 



0.8 Volt to 2.0 Volt 

1 0nsec 

1.5 Volts 

0.8 and 2.0 Volts 



Capacitance^ T^ =25°c, f=iMHz 



Output Load: 



1 TTL Gate and Cl = 100 pF 



SYMBOL 


TEST 


LIMITS (pF) 


TYP.dl 


MAX. 


^IN 


INPUT CAPACITANCE 
(ALL INPUT PINS) V,m=OV 


3 


5 


^OUT 


OUTPUT CAPACITANCE 


7 


10 



Waveforms 

READ CYCLE 



WRITE CYCLE 



"^C®~ 



CHIP 
ENABLE 



DATA 
OUT 



A 



:^ 



yfcz 



:><: 



1.5 VOLTS 
(2> 2.0 VOLTS 
3^ 0.8 VOLTS 



NOTES: 1 . Typical values are for T^ = 25° C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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2102A FAMILY 



Typical D. C. and A. C. Characteristics 



POWEB SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 



E 

3 













C MAX. 












^c 


















^ 


^ 


■-^ 


T' 


PICAL 



































10 20 30 40 50 60 70 



POWER SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

















'a 




^ 










^ 


X^YPICAL 

1 








/I 


/ 












/ 





























V,N LIMITS VS. TEMPERATURE 









i 1 

TYPICAL 

1 1 






fi 






1 1 










-—- 


V 


'\H (M»^ 


) 






^ 














"""■^ 






— 


V 


L (Mf^y 


) 




























V 


cc =5.c 


V 













1 







10 20 30 40 50 60 70 

T. rc) 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 





■ ■' 




















^ 


-^ 


-• 






/ 


y' 


\ 

TYPICAL 

1 






/ 


/ 










/ 


/ 






25" C 

MIN. 






/ 















Vol < VOLTS) 



ACCESS TIME VS. 
AMBIENT TEMPERATURE 



350 










1 
Vcc MIN. 
1 TTL LOAD 
Cl = lOOpF 




250 














.,.,«.*-^" 




. 


TYPI 


CAL 






_ - 




150 


































OUTPUT REFt 


-RENCE LEVELS: Vqh = 2.0V 














Vou = 0-8V 


50 















10 20 30 40 50 60 70 

Ta CC) 



ACCESS TIME VS. 
LOAD CAPACITANCE 
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M2102A-4, M2102A-6 

MILITARY TEMPERATURE RANGE 
1K STATIC RAM 



M2102A-4 


450 ns Max. 


M2102A-6 


650 ns Max. 



10% Vcc Supply Tolerance 
Directly TTL Compatible: All 
Inputs and Output 
Low Power: 385mW Max. 



■ Three State Output: OR-Tie 
Capability * 

■ 16 Pin Hermetic Dual-ln-Line 
Package 



The Intel® M2102A is a high speed 1 K x 1 RAM specified over the -55° C to +125°C temperature range. The RAM uses fully DC 
stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is read out nondestructively and has 
the same polarity as the input data. 

The Intel® M2102A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 



PIN CONFIGURATION 



LOGIC SYMBOL 



AeC 


1 


16 


A5C 


2 


15 


R/W C 


3 


14 


AiC 


4 


13 


A,C 


5 


12 


A3I: 


6 


11 


A4C: 


7 


10 


AoC 


8 


9 



3^ 

3 Ag 

DA3 : 

3 CE 

3 DATA OUT 

3 DATA IN 

3 Vcc 

3 GND 

TRUTH TABLE 



Ao 



As 

R^ CE 



D|N 



Pqut 



MODE 



_9aiu_ 



NOT SELECTED 
WRITE "0" 
WRITE "1" 
READ 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias . . — 65°C to +135°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.6V to +7V 

Power Dissipation . 1 Watt 

•COMMENT 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or at any 
other condition above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device 
reliability. 



D. C. and Operating Characteristics ta = -55°c to +i25°c, vcc = bv ± 10% unless otherwise specified 




Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.n] 


Max. 


Test Conditions 


'u 


Input Load Current 






10 


HA 


V,N =0 to 5.5V 


'loh 


Output Leakage Current 






10 


ma 


CE = Mln. V|H ,VouT = VoH 


1 . -^. 


Outout Lonl-nnc Cun-ont M2102A-4 






-50 


ma 


CE = Min. V|H ,VouT= 0-45 V 


•LOL 


Output Leakage Current ,^2102A-6 






-100 


•cci 


Power Supply Current 




30 


60 


mA 


All Inputs = 5.5V, 

Data Out Open, Ta = 25°C 


•CC2 


Power Supply Current 






70 


mA 


All Inputs = 5.5V, 

Data Out Open, Ta = -55°C 


V|L 


Inout-LW'Valtaae M2102A-4 


-0.5 




0.8 


V 




Input Low Voltage M2102A-6 


-0.5 




0.65 




V|H 


InoufHIah-'Voltaac M2102A-4 


2.0 




Vcc 


V 




Input H,gh Voltage M2102A-6 


2.2 




Vcc 




Vol 


Output "Low" Voltage 






0.45 


V 


M2102A-4 loL= 2.1mA 


M2102A-6 loL = 1.9mA 


VOH 


Output "High" Voltage 


2.2 






V 


Iqh = 100mA 



NOTE 1. Typical values are for Ta = 25''G and nominal supply voltiage. 
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M2102A-4, M2102A-6 



A.C- Characteristics Ta = 


-55°Cto+125°aVcc = 


5V ± 10% unless otherwise specified 


Symbol 


Parameter 


M2102A-4 Limits (ns) 


M2102A-6 Limits (ns) 


Min. Max. 


Min. Max. 



READ CYCLE 



tRC 


Read Cycle 


450 


650 


tA 


Access Time 


450 


650 


tco 


Chip Enable to Output Time 


230 


400 


tOHl 


Previous Read Data Valid with Respect 
to Address 


40 


50 


tOH2 


Previous Read Data Valid with Respect 
to Chip Enable 









WRITE CYCLE 




two 


Write Cycle 


450 


650 


tAW 


Address to Write Setup Time 


20 


200 


twp 


Write Pulse Width 


300 


400 


tWR 


Write Recovery Time 





50 


tow 


Data Setup Time 


300 


450 


tpH 


Data Hold Time 





100 


tew 


Chip Enable to Write Setup Time 


300 


550 



A. C. CONDITIONS OF TEST 

Input Pulse Levels: 0.8 Volt to 2.0 Volt 

Input Rise and Fall Times: lOnsec 

Timing Measurennent Inputs: 1.5 Volts 

Reference Levels Output: 0.8 and 2.0 Volts 

Output Load: 1 TTL Gate and Cl = 100 pF 



Capacitance 



[2]. 



SYMBOL 


TEST 


LIMITS (pF) 


TYP.[1] 


MAX. 


^IN 


INPUT CAPACITANCE 
(ALL INPUT PINS) Vji^j^OV 


3 


5 


^O'JT 


OUTPUT CAPACITANCE 
VouT = OV 


7 


10 



Waveforms 

READ CYCLE 



WRITE CYCLE 



ES^^® 



CHIP 
ENABLE 



DATA 
OUT 



^ 



xz 



^ 



:>c 



® 1.5 VOLTS 

(2) 2.0 VOLTS 

(3) 0.8 VOLTS 



NOTES: 1 . Typical values are for T^ = 25° C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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Intel 



2104, 2104-2, 2104-4 



i 



4096 X 1 BIT DYNAMIC RAM 





2104-2 


2104-4 


2104 


Max. Access Time (ns) 


250 


300 


350 


Read, Write Cycle (ns) 


375 


425 


500 


Read-iVlodify-Write Cycle (ns) 


515 


595 


700 



Highest Density 4K RAM — 
Industry Standard 16 Pin Package 

Low Standby Power 

All Inputs Including Clocks 
TTL Compatible 

Standard Power Supplies +12V, 
+5V, -5V 

Refresh Period: 2 ms 



On-Chip Latches for Addresses, 
Chip Select and Data In 

Simple Memory Expansion— 
Chip Select 

Output is Three State, TTL 
Compatible; Data is Latched 
and Valid into Next Cycle 



The Intel 2104 is a 4096 word by 1 bit MOS RAM fabricated with N-channel silicon gate technology for high performance and 
high functional density. The 21 04 uses a single transistor dynamic storage cell and dynamic circuitry to achieve high speed and 
low power dissipation. 

The unique design of the 21 04 allows it to be packaged in the industry standard 16 pin dual-In-line package. The 16 pin package 
provides the highest system bit densities and is compatible with widely available automated handling equipment. 

The use of the 16 pin package is made possible by multiplexing the 12 address bits (required to address 1 of 4096 bits) into the 
2104 o n 6 address input pins. The t wo 6 b it address words are latched into the 21 04 by the two TTL clocks, Row Address Strobe 
(RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the multiplexing technique while 
maintaining high performance. 

The single transistor dynamic storage cell provides high speed along with low power dissipation. The memory cell requires 
refreshing for data retention. Refreshing is most easily accomplished by performing a read cycle at each of the 64 row 
addresses every 2 milliseconds. 



PIN CONFIGURATION 



VbbCZ|i 

D,n[ 

we[ 

RAS[ 
Ao[ 
A2IZ 
AlC 



16 Z]Vss 
15 IC^ 

14 ZUDqut 
13 JCS 

12 I3A3 

11 ZIA4 

10 ^A^ 

9 Zl^CC 



LOGIC DIAGRAM 





Ao 
A, 
A2 






D,N 


— 


A3 




— 
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PIN NAMES 



A0A5 


ADDRESS INPUTS 


WE 


WRITE ENABLE 


CAS 


COLUMN ADDRESS STROBE 


Vbb 


POWER (-5V) 


CS 


CHIP SELECT 


Vcc 


POWER (+5V) 


Din 


DATA IN 


Vdd 


POWER (+12V) 


DOUT 


DATA OUT 


Vss 


GROUND 


RAS 


ROW ADDRESS STROBE 





BLOCK DIAGRAM 



"^-70- 



^ 



7 BIT 

LATCH 

(COLUMN) 



ADDRESS 
"BUS 



CLOCK 
GENERATOR NO. 2 



DATA 

IN 
LATCH 



1 OF 64 
COLUMN DECODER 



64 — 



64 SENSE AMPS 
I/O GATING 



o 



6 BIT 
LATCH 
(ROW) 



OUTPUT 

LATCH AND 

BUFFER 



4096 BIT 
STORAGE ARRAY 



I) *1. 



CLOCK 
GENERATOR NO. 



D 



2-44 



2104 FAMILY 



Absolute Maximum Ratings* 



Temperature Under Bias -10°Cto + 80°C 

Storage Temperature -65° C to +1 50° C 

All Input or Output Voltages with 

Respect to the most Negative 

Supply Voltage, Vbb +25V to -0.3V 

Supply Voltages Vpo. Vcc. and Vss with 

Respect to Vbb +20V to -0.3V 

Power Dissipation -1 .25W 



D.C. and Operating Characteristics ^^^ 



'COMMENT: 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



i 



Ta = C to 70°C, Vdd = +12V ±5%, Vqc = +5V ±10%, Vge =-5V ±10%, Vgs = OV, unless otherwise noted. 



Symbol 


Parameter 


Min. 


Limits 
Typ. [2] 


Max. 


Unit 


Conditions 


Ili 


Input Load Current 
(any input) 


10 


ma 


V|N = V|L MIN to V|H MAX 


|Ilo| 


Output Leakage Current 
for high impedance state 


10 


ma 


Chip deselected 


IddiI31 


Vdd Supply Current 




1 


2 


mA 


CAS and RAS at V|h . Chip deselected. 


•ddav'^' 


Average Vdd Current: 
2104-4 




46 


60 


mA 


Cycle time = Min. niz°r> 
tRp = Min. Ta = 25C 




2104, 2104-2 




45 


59 


mA 


Icci^^l 


Vcc Supply Current when 
deselected 


10 


/iA 




lBBt3l 


Average Vbb Current 


75 


ma 




VlL 


Input Low Voltage 
(ainy input) 


-1.0 




0.6 


V 




V|H 


Input High Voltage 
(any input) 


2.4 




Vcc+1 


V 




Vol 


Output Low Voltage 


0.0 




0.4 


V 


Iql = 2.0mA 


VOH 


Output High Voltage 


2.4 




Vcc 


V 


loH = -5.0mA 



A.C. Characteristics TA=0°Cto70°C,VDD=12V±5%,Vcc=5V±10%,VBB=-5V±10%,Vss=0V, unless otherwise noted. 
Capacitance ^^^ Ta = 25°C ( 



Symbol 


Test 


Plastic And 
Ceramic Pkg. 
Typ. Max. 


Unit 


Conditions 


Cad 


Address Capacitance 


10 


pF 


V|N = Vss 


Cc 


CAS, RAS, CS Capacitance 


7 


pF 


V|N = Vss 


Qdut 


Data Output Capacitance 


8 


pF 


VouT = OV 


C|N 


D|N and WE Capacitance 


10 


pF 


V|N = Vss 



1. All voltages referenced to Vss- The only requirennent for the sequence of applying voltages to the device Is that Vdd* Vcc* 
and Vss should never be 0.3V or more negative than Vbb- 

2. Typical values are for Ta = 25° C and nominal power supply voltages. 

3. The Idd current flows to Vss- The Ibb current Is the sum of all leakage currents. 

4. When chip is selected Vcc supply current is dependent on output loading; Vcc '^ connected to output buffer only. 

5. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 

I At 

C = with the current equal to a constant 20mA. 

AV 
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A.C. Characteristics Ta=0°C to 70°C,Vdd = 12V ±5%, Vcc=5V±10%,Vbb=-5V±10%,Vss=0V, unless otherwise noted. 
READ, WRITE, AND READ MODIFY WRITE CYCLES 



Symbol 


Parameter 


2104 
Min. Max. 


2104-2 
Min. Max. 


2104-4 
Min. Max. 


Unit 


tREF 


Time Between Refresh 


2 


2 


2 


ms 


tRP 


RAS Precharge Time 


150 


125 


125 


ns 


tRCLt2l 


RAS to CAS Leading Edge Lead Time 


110 2000 


80 


2000 


90 


2000 


ns 


tAS 


Address or CS Set-Up Time 











ns 


tAH 


Address or CS Hold Time 


100 


80 


80 


ns 


tAR 


RAS to Address Hold Time 


250 


180 


210 


ns 


tCRLf3] 


RAS to CAS Trailing Edge Lead Time 


-50 +50 


-40 


+40 


-50 


+50 


ns 


tOFF 


Output Buffer Turn Off Delay 


100 





100 





100 


ns 


tCAC^^] 


Access Time From CAS 


200 


150 


170 


ns 


tRAcf^J 


Access Time From RAS 


350 


250 


300 


ns 


READ CYCLE 


Symbol 


Parameter 


2104 
Min. Max. 


2104-2 
Min. Max. 


2104-4 
Min. Max. 


Unit 


tCYC^^^ 


Random Read or Write Cycle Time 


500 


375 


425 


ns 


tCPW 


CAS Pulse Width 


200 10000 


150 


10000 


170 


10000 


ns 


tRPW 


RAS Pulse Width 


350 10000 


250 


10000 


300 


10000 ^ 


ns 


tRSH 


RAS Hold Time 


200 


150 


170 


ns 


tcSH 


CAS Hold Time 


350 


250 


300 


ns 


tRCH 


Read Command Hold Time 


80 


80 


80 


ns 


tRCS 


Read Command Set-Up Time 











ns 


WRITE CYCLE 


Symbol 


Parameter 


2104 
Min. Max. 


2104-2 
Min. Max. 


2104-4 
Min. Max. 


Unit 


tcYcf^^ 


Random Read or Write Cycle Time 


500 


375 


425 


ns 


tCPW 


CAS Pulse Width 


200 10000 


150 


10000 


170 


10000 


ns 


tRPW 


RAS Pulse Width 


350 10000 


250 


10000 


300 


10000 


ns 


tRSH 


RAS Hold Time 


200 


150 


170 


ns 


tcSH 


CAS Hold Time 


350 


250 


300 


ns 


tcWL 


Write Command to CAS Lead Time 


200 


150 


170 


ns 


twCH 


Write Command Hold Time 


150 


110 


130 


ns 


twp 


Write Command Pulse Width 


200 


150 


170 


ns 


tDS 


Data In Set-Up Time 











ns 


tDH 


Data In Hold Time 


200 


150 


170 


ns 



Notes: 

1. All v oltages referenced to Vss- 

2. CAS must remain at Vm a minimum of tpcLMIN ^fter RAS switches to V|l. To achieve the minimum guaranteed access time 
(tRAcK CAS must switch to V||_at or before tpcL o^ ^RAC ~ ^T ~ tQAC as described in the Applications Information on 
page 2-49. 

3. tcRL Is measured fromRAS to CAS. 

4. Load = 1 TTL and 50pF. See Application Information — Read Cycle section for relations between access time and tpcL- 

5. The minimum cycle timing does not allow for tj or skews. 
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Waveforms 
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See page 2-48 for NOTES. 
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A.C- Characteristics Ta=0°C to 70°C,Vdd=12V ±5%, Vcc=5V±10%,Vbb=-5V ±10%, Vss=OV, unless otherwise noted. 
READ MODIFY WRITE CYCLE 



Symbol 


Parameter 


2104 
Min. Max. 


2104-2 
Min. Max. 


2104-4 
Min. Max. 


Unit 


tRMW 


Read Modify Write Cycle Time 


700 


515 


595 


ns 


tCRW 


RMW Cycle CAS Width 


400 10000 


290 


10000 


340 


10000 


ns 


tRRW 


RMW Cycle RAS Width 


550 10000 


390 


10000 


470 


10000 


ns 


tRWH 


RMW Cycle RAS Hold Time 


200 


150 


170 


ns 


tcWH 


RMW Cycle CAS Hold Time 


550 


390 


470 


ns 


tcWL 


Write Command to CAS Lead Time 


200 


150 


170 


ns 


twp 


Write Command Pulse Width 


200 


150 


170 


ns 


tRCS 


Read Command Set-Up Time 











ns 


tMOD 


Modify Time 











ns 


tDS 


Data In Set-Up Time 











ns 


tDH 


Data In Hold Time 


200 


150 


170 


ns 



Waveforms 

READ MODIFY WRITE CYCLE 



RAS '" 



®'\.® 



-izm 



ROW 
ADDRESS 



® 



D|N 



DOUT 






COLUMN 
ADDRESS 



®is. 



® 



®, 



' ^RAC 
*OFF- 



:<: 



/ 



^ HIGH 

\iJ IMPEDANC 

® 






J © 



f 



V 



r 



\^'(T)DATAIN ^\/ 
A VALID J\ 



® 



< 



VALID 
DATA OUT 



Notes: 1,2. \/|Hi\/|||yj and VilmaX s""© reference levels for measuring timing of input signals. 
3,4. VoHMIN 3"d VqlMAX ^re reference levels for measuring timing of DquT- 

5. If WE goes low while CAS is low, DquT could go to either Vql or Vqh a^^er tcAC- DqUT will go to Vqh as shown on page 4 (Write 
Cycle Waveforms) if WE goes low before CAS goes low. In a Read-Modify-Write cycle, DquT 's data read and does not change during 
the Modify-Write portion of the cycle. 

6. For minimum cycle timing, tcR L "T^^st be -0 to +40 ns for 21 04-2 and -0 to +50 ns for 21 04 and 21 04-4. 
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TYPICAL Idd AV VS. CYCLE TIME 
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TYPICAL ACCESS TIME VS. TEMPERATURE 
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Applications 



ADDRESSING 

Two externally applie d negative going TTL clocks , Row 
Address Strobe (RAS), and Column Address Strobe (CAS), 
are used to strobe the two sets of 6 add resse s into internal 
address buffer registers. The first clock, RAS, strobes in the 
six low order addresses (A0-A5) which selects one of 64 
rows and begins the timing whic h ena bles the column 
sense amplifiers. The second clock, CAS, strobes in the six 
high order addresses (A6-A11) to select one of 64 column 
sense amplifiers and Chip Select (CS) which enables the 
data out buffer. 

An address map of the 2104 is shown below. Address "0" 
corresponds to all addresses at Vil. Note that data is stored 
in half of the memory as a logic inversion of the data 
presented at the input pin as shown. This inversion is 
completely transparent to the user (i.e., data stored in 
memory as a "1 " or "0" at the input will when subsequently 
accessed, appear as a "1 " or "0" respectively at the output). 

21 04 Address Map 



Ice 


4032 
DATA IN 


SENSE AMPLIFIERS 


DATA IN 
63 4095 




COLUMN SELECT (CAS) 



DATA CYCLES/TIMING 

A memory cycle b egins with addresses stable and a 
negative transition of RAS. See the waveforms on page 4. It 
is not necessary to know whether a Read or Write cycle is to 
be performed until CAS becomes valid. 

Note that Chip Sel ect ( CS) does not have to be valid until 
the second clock, CAS. It is, therefore, possible to start a 
memory cycle before it is known which device must be 
selected. This can result in a significant improvement in 
system access time since the decode time for chip select 
does not enter into the calculation for access time. 



Both the RAS and CAS clocks are TTL compatible and do 
not require level shifting and driving at high voltage MOS 
levels. Buffers internal to the 2104 convert the TTL level 
signals to MOS levels inside the device. Therefore, the 
delay associated with external TTbMOS level converters Is 
not added to the 2104 system access time. 

READ CYCLE 

A Read cycle is performed by maintaining Write Enable 
(WE) high during CAS. The output pin of a selected device 
will unconditionally go to a high i mped ance state 
immediately following the leading edge of CAS and remain 
in this state until valid data appears at the output at access 
time. The selected output data is inte rnally latched and will 
remain valid until a subsequent CAS is given to the device 
by a Read, Write, Read-Mod ify-Write or Refresh cycle. 
Data-out goes to a high impedance state for all non- 
selected devices. 

Device access time, tAcc is the longer of two calculated 
intervals: 

1- tACC — tRAC OR 2. tACC = tRCL + tf + tcAC 

Access time from RAS, tRAc, and access time from CAS, 
tcAc, are device parameters. Row to column address strobe 
lead time, tRCL, and transition time, tx, are system dependent 
timing parameters. For example, substituting the device 
parameters of the 2104-4 and assuming a TTL level 
transition time of 5ns yields: 

3. tACC = tRAC = 300ns for 90nsec ^tRCL ^125nsec 

OR 

4. tACC = tRCL + tj + tcAc = tRCL +175ns for tncL > 125ns. 

Note that if 90 nsec <tRCL^125 nsec, device access time is 
determined by equation 3 and is equal to tRAc If tRCL>125 
nsec, access time is determined by equation 4. This 35ns 
interval (shown in theUcL inequality In equation 3) in which 
the falling edge of CAS can occur without affecting access 
time is provided to allow for system timing skew in the 
generation of CAS. This allowance for a Ircl skew Is 
designed in at the device level to allow minimum access 
times to be achieved in practical system designs. 

WRITE CYCLE 

A Write Cycle Is perfo rmed by bringing Write Enable (WE) 
low bef ore o r during CAS. If Write Enable goes low at or 
before CAS goes low, th e inp ut data must be valid at or 
before the falling edge of CAS. Dout will go to Voh as shown 
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on page 4 (Write Cycle) if WE goes low b efore CAS goes 
low. If Write Enable goes low after_CAS, data in must be 
valid at or before the falling edge of WE. Data out g oes to a 
high Impedance st ate fo llowing the leading edge of CAS. If 
WE goes low while CAS is low, Dourcould go to either Vol or 
VoH after tcAc 

READ-MODIFY-WRITE CYCLE 

A Read-Modify-Write Cycle is performed by bring ing Write 
Enable (WE) low after access time, tAcc, with RAS and CAS 
low . Data in must be valid at or before the falling edge of 
WE. In a read-modify-write cycle Dout is data read and does 
not change during the modify-write portion of the cycle. 

CAS ONLY (DESELECT) CYCLE 

In some applications, It is desirable to be able to deselect all 
memory devices without running a regular memory cycle. 
This may be accomplished w ith th e 2104 b y per forming a 
CAS Only Cycle. Receipt of a CAS without a RAS deselects 
the 2104 and forces the Data Outputto the high-impedance 
state. This places the 2104 in its lowest power, standby 
condition as will be discussed in the POWER DISSIPATION 
section below. Th e cyc l e tim ing and CAS timing should be 
just as if a nomal RAS/CAS cycle was being performed. 

CHIP SELECTION/DESELECTION 

The 2104 is selected by driving CS low during a Read, Write, 
or Read-Modify-Write cycle. A device is deselected by 1) 
driving CS high during a Read , Write, or Read-Modify-Write 
cycle or 2) performing a CAS Only cycle independent of the 
state of CS. 

REFRESH CYCLES 

Each of the 64 rows internal to the 2104 must be refreshed 
every 2 msec to maintain data. Any data cycle (Read, Write, 
Read-Modify-Write) refreshes the entire selected row 
(defined by the low order row addresses). The refresh 
operation is independent of the state of chip select. It is 
evident, of course, that if a Write or Read-Modify-Write 
cycle is used to refresh a row, the device should be 
deselected (CS high) if it is desired not to change the state 
of the selected cell. 

RAS/CAS TIMING 

The device clocks, RAS and CAS, contol operation of the 
2104. The timing of each clock and the timing relationships 
of the two clocks must be understood by the user in order to 
obtain maximum performance in a memory system. 

The RAS and CAS have minimum pulse widths as defined 
by tRPw and tcpw respectively. These minimum pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle, once begun by driving RAS and/or CAS 
low, must not be ended or aborted prior to fulfilling the 
minimum clock signal pulse wldth(s). A new cycle must not 
begin until the minimum prechargetime, tR?, has been met. 

The timing relationship of the leading edges of RAS and 
CAS Is defined by tRCL and is discussed in the READ CYCLE 
section above. The trailing edge relationship is defined by 
tRSH, tcsH, and tcRL. The first two parameters define the 



minimum time during a memory cycle that RAS and CAS are 
both low (minimum hold times). Both the minimum clock 
widths and hold times must be met for proper operation. 

For example, using tx = 5ns and the 2104-4 device 
parameters: tRCL = 90ns, tR Pw = 300nsec, and tcpw = 
170nsec; the trailing edge of CAS would occur at time (t) 
where: 

t = tRCL+tj+tcpw = 90ns + 5ns + 170ns 
= 265ns 

however, tcsH = 300ns, and, therefore, tcpw would need to be 
lengthened such that: 

tcpw (actual) = 170ns + (300ns - 265ns) = 205ns 
In order to meet the minimum tcsH requirement. 

The third para mete r, tcRL, defines the lead (-) or lag (+) time 
allowable for CAS with resp ect t o RA S. If all mini mum 
timing requirements for RAS and CAS are met, the CAS 
trailing edge may lead the RAS trailing edge by up to 1 0ns or 
lag by up to 70ns. In a memory cycle w ith a ll minimum 
timin g sp ecifications used, CAS may la g RA S b ut can not 
lead RAS since tcsH would be violated If CAS led RAS. 

POWER DISSIPATION 
Operating 

The power dissipation of a continuously operating 2104 
device is the sum of Vdd x Iddav and Vbb x Ibb. For a cycle time 
of 425ns (Including a tRP of 125ns) the typical power 
dissipation is 552mW. 

Typical power supply cu rrent waveforms versu s tim e are 
shown below for both a RAS/CAS cycle and a CAS only 
cycle. It is evident from examination of the current 
waveforms that the major portion of the device power 
dissipation Is the Vdd x Iddav component. Since the average 
value of Idd Is used t o com put e the power dissipation and 
Idd I s high only while RAS and CAS are low, minimum RAS 
and CAS pulse widths are preferred even with long cycle 
times to minimize power dissipation. 



I RAS/CAS CYCLE |n$) | CAS ONLY CYCLE | 
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TYPICAL SUPPLY CURRENTS VS. TIME 
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STANDBY-REFRESH ONLY 

The standby power-refresh only is calculated by the 
following equation: 



5. Pr 



> X (64 J^) + Ps, 

iRKF 



(1-64^^) 

iRHF 



Where: Pref = Standby power-refresh only. 

Pop = Power dissipation-continuous operation. 
tcYc = Cycle time for a Refresh cycle. 
tREF = Time between refresh. 
PsB = Standby power dissipation. 

The standby power dissipation Psb is given by: 

6. Psb = Vdd X Iddi + Vbb X Ibb. 

For example, in the 21 04-4, the typical power dissipated in_a 
standby-refresh only mode with the device deselected (CS 
high) is 19mW. If the device is selected (CS low) during a 
refresh cycle, the typical power dissipated is 31 mW. This is 
the result of the internal output buffer circuitry being turned 
on. Since needless power is dissipated for this condition, it 
is recommended that the device be deselected during 
standby-refresh only operation. 

Note that when calculating the standby power for a 2104 
memory system it is not necessary to include the power 



dissipated by TTL to MOS level converters. These 
converters are incorporated internally to the 2104 and are 
included in the previous power calculations. 

SYSTEM LAYOUT AND DECOUPLING 

A two sided memory array layout is shown below. 

Decoupling is indicated by a "D" for V dd to Vss and " B" for 
Vbb to Vss. Idd and Ibb Current surges at RAS and CAS make 
adequate decoupling of these supplies important. It is 
recommended that 1.0/uF high frequency, low inductance 
capacitors be used between Vdd and Vss on double sided 
boards. 0.1 )uF capacitors can be used between Vbb and 
Vss. Vcc to Vss decoupling is indicated by a "C" and O.lyuF 
capacitors are recommended. For each 36 devices a lOOjuF 
tantalum or equivalent capacitor should be placed from Vdd 
to Vss near the array. An equal or slightly smaller bulk 
capacitor should be placed between Vbb and Vss on the 
memory card. 

Note that all power lines (including Vss) are grided both 
horizontally and vertically at each memory device. This 
minimizes the power distribution impedance and enhances 
the effect of the decoupling capacitors. 
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2107A 
4096 X 1 BIT DYNAMIC RAM 



Product 


2107A-1 


2107A 


2107A-4 


2107A-5 


Access Time 


280 ns 


300 ns 


350 ns 


420 ns 



' Low Cost Per Bit 
■ Low Standby Power 
Easy System Interface 
Only One High Voltage 
Input Signal -Chip Enable 

Low Level Address, Data, 
Write Enable, Chip 
Select Inputs 



" Address Registers 
Incorporated on the Chip 

■ Simple Memory Expansion: 
Chip Select Input Lead 

" Fully Decoded: On Chip 

Address Decode 
" Output is Three State and 

TTL Compatible 

" Ceramic and Plastic 22-Pin DIPs 



The Intel 2107A is a 4096 word by 1 bit dynamic n-channel iVlOS RAM. It was designed for memory applica- 
tions where very low cost and large bit storage are important design objectives. The 2 107 A uses dynamic 
circuitry which reduces the operation and standby power dissipation. 

Reading information from the memory is non-destructive. Refreshing is accomplished by performing one read 
cycle on each of the 64 row addresses. Each row address must be refreshed every two milliseconds. The 
memory is refreshed whether Chip Select Is a logic one or a logic zero. 

The 21 07 A is fabricated with n-channel silicon gate technology. This technology allows the design and produc- 
tion of high performance, easy to use MOS circuits and provides a higher functional density on a monolithic 
chip than other MOS technologies. 



PIN CONFIGURATION 



LOGIC SYMBOL 



VbbC 

A,oI= 
A,, 1= 

cse: 

DinI= 

DoUT C 
AoC 
Aid 

A2CI 

VccC 



21 pAg 
IA7 

3Ae 
] Vdd 

]CE 

DNC 
As 

D A4 

ZlAa^ 

] WE 






PINN> 


^MES 




D|N 


DATA INPUT 


CE 


CHIP ENABLE 


A0-A11 


ADDRESS INPUTS* 


DoUT 


DATA OUTPUT 


WE 


WRITE ENABLE 


vcc 


POWER (+5V) 


cs 


CHIP SELECT 


NO 


NOT CONNECTED 



•Refresh Addresses A0-A5. 
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and BUFFER 
REGISTER 



MEMORY 
ARRAY 



TIMING 

CONTROL 

GENERATOR 



> 64 



COLUMN 
AMPLIFIERS 



COLUMN DECODE 

and 
BUFFER REGISTER 



TTTTTT 



' M)D 



Pout 



Ac A7 



2-52 



2107A FAMILY 



Absolute Maximum Ratings'' 



Temperature Under Bias * 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vgg +25V to —0.3V 

Supply Voltages Vpo/ Vccr and Vss with Respect to Vbb +20V to -0.3V 

Power Dissipation 1 .OW 

*COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification isnot implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



I 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vdd = +12V ± 5%. Vqc = +5V ± 5%, Vbb^^I = -5V ± 5%, Vgs = OV, unless otherwise notes. 


Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.[2l 


Max. 


«u 


Input Load Current 
(all inputs except CE) 




.01 


10 


/iA 


V|N = V|L MIN to V|H MAX 


Ilc 


Input Load Current 




.01 


10 


ma 


V|N = V|L MIN to V|H MAX 


I'loI 


Output Leakage Current 
for high impedance state 




.01 


10 


ma 


CE = -1Vto+.8VorCS = 3.5V, 
Vo=OV to 5.25V 


•ddi 


Vdd Supply Current 
during CE off [3] 




.1 


100 


ma 


CE = -1Vto+.8V 


IdD2 


Vdd Supply Current 
during CE on t^l 




14 


22 


mA 


CE = V,^C,T^=25°C 


Iddav 


Average Vdd Supply 
Current 


(S 


ee Table 


M) 




Ta = 25°C, Fig. 1,3 


'ccr 


Vcc Supply Current 
during CE off 




.01 


10 


MA 


CE = -1Vto+.8V 


'CC2 


Vcc Supply Current 
during CE on 




5 


10 


mA 


CE = V„,,T^=25°C 


ICCAV 


Average Vcc Supply 
Current 


(S 


ee Table 


;1) 




Ta = 25°C, Fig. 2,4 


Ibb 


Vbb Supply Current 




1 


100 


juA 




ViL 


Input Low VoltageWl 


-1.0 




0.8 


V 




V,H 


Input High VoltageWl 


3.5 




Vcc^l 


V 




ViLC 


CE Input Low Voltage [4] 


-1.0 




+1.0 


V 




VlHC 


CE Input High Voltage 


Vdd-1 




Vdd+1 


V 




Vol 


Output Low Voltage^] 


0.0 




0.45 


V 


l0L = ''-7mA, Fig. 6 


VoH 


Output High Voltage 14] 


2.4 




Vcc 


V 


lOH = -lOOjLtA, Fig. 5 



NOTES: 

1. The only requirement for the sequence of applying voltage to the device is that Vdd» VcC/ 3"^! Vss should never be .3V or more 
negative than Vbb- 

2. Typical values are for T^ = 25° C and nominal power supply voltages. 

3. The Idd a"cl Ice currents flow to Vss- The Ibb current is the sum of all leakage currents. 

4. Referenced to Vss unless otherwise noted. 

5. For 2107A-4and 2107A-5 Idd2 'S 25mA max. 
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A. C- Characteristics t^ = o°c to 70 °c, v^d = i2v ± 5%, Vcc = 5v ± 5%, vbb = -5v ± 5%, 

READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgs = OV, unless otherwise noted. 





Parameters 


2 107 A 


2107A-1 


2107A-4 


2107A-5 




Symbol 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Units 


tREptl^ 


Time Between Refresh 




2 




1 




2 




2 


ms 


tAC 


Address to CE Set Up Time 






















ns 


tAH 


Address Hold Time 


100 




100 




100 




100 




ns 


tec 


CE Off Time 


180 




100 




200 




250 




ns 


tj 


CE Transition Time 




50 




50 




50 




50 


ns 


tCF 


CE Off to Output 
High Impedance State 






















ns 


READ CYCLE 


Symbol 


Parameters 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. Max. 


Units 


tRCYf2l 


Read Cycle Time 


500 




420 




570 




690 




ns 


tCER 


CE On Time During Read 


280 


3000 


280 


3000 


330 


3000 


400 


300 


ns 


tco 


CE Output Delay 




280 




260 




330 




400 


ns 


tACcf3] 


Address to Output Access 




300 




280 




350 




420 


ns 


tWL 


CE to WE Low 






















ns 


twc 


WE to CE on 






















ns 


WRITE CYCLE 


Symbol 


Parameters 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Units 


twCY^^^ 


Write Cycle Time 


700 




550 




840 




970 




ns 


tCEW 


CE Width During Write 


480 


3000 


410 


3000 


600 


3000 


680 


3000 


ns 


tw 


WE to CE Off 


340 




250 




400 




450 




ns 


tew 


CE to WE High 


300 




250 




- 




- 




ns 


tow 


D|N to WE Set Up 






















ns 


tco'^' 


CE to D|N Set Up 




50 




50 




50 




50 


ns 


tDH 


D||\| Hold Time 






















ns 


twp 


WE Pulse Width 


150 




150 




200 




200 




ns 


twwf^^ 


WE Wait 












170 




200 




ns 


twc 


WE to CE On 






















ns 


Capacitance ^^^ ta = 25°c 


Symbol 


Test 


Plastic And 
Ceramic Pkg. 
Typ. Max. 


Unit 


Conditions 


Cad 


Address Capacitance, CS, WE, D|n 


3 6 


pF 


V,N = Vss 


CcE 


CE Capacitance 


17 25 


pF 


V,N = Vss 


COUT 


Data Output Capacitance 


3 6 


pF 


VouT = OV 



Notes: 1. For plastic 21 07A-4 and 21 07A-5 tREF = ImS. 
2. tj = 20ns 
3- CloaD = 50 pf ; Load = 1 TTL; Ref = 2.0V for high, 0.8V for low; t^cc = ^AC "•" ^CO ■•" 1 ^T- 

4. tQo applies only when tv\/>tCEW -50ns. 

5. The 2107A and 2107A-1 should not be operated with tv\/w in the 50 to 170 ns range. 

6. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation 

lAt 
C = — with the current equal to a constant 20mA. 
AV 
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D.C. Characteristics 



FIGURE 1 

Idd average vs. temperature 



CYCLE TIME -MIN. 



Ta (°CI 



FIGURE 2 
Ice AVERAGE VS. TEMPERATURE 




Ta <°c) 



I 



FIGURES 
TYPICAL Idd AVERAGE VS. CYCLE TIME 



FIGURE 4 
TYPICAL Ice AVERAGE VS. CYCLE TIME 
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FIGURE 5 
TYPICAL loH VS. VoH 
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FIGURE 6 
TYPICAL loL VS. Vol 
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FIGURE? FIGURES 

TYPICAL REFRESH VS. TEMPERATURE TYPICAL ACCESS TIME VS. TEMPERATURE 
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Table 1. Iddav and IccAV Characteristics. 



Product 


Iddav (Typ) 


•DDAv(Max) 


lccAv(Typ) 


lccAv(Max) 


Cycle 


tcEW 


2107A 


23mA 


34mA 


6mA 


10mA 


700ns 


480ns 


2107A-1 


28mA 


38mA 


8mA 


12mA 


550ns 


410ns 


2107A-4 


22mA 


33mA 


5mA 


9mA 


840ns 


600ns 


2107A-5 


18mA 


28mA 


4mA 


8mA 


970ns 


680ns 
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Read Modify Write Cycle 




Parameters 


2107A 


2107A-1 


2107A-4 


2107A-5 




Symbol 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Units 


tRWcf^^ 


Read Modify Write (RMW) 
Cycle Time 


840 




670 




970 




1140 




ns 


tCRW^^^ 


CE Width During RMW 


620 


3000 


530 


3000 


730 


3000 


850 


3000 


ns 


twc 


WE to CE on 






















ns 


tw 


WE to CE off 


340 




250 




400 




450 




ns 


twp 


WE Pulse Width 


150 




150 




200 




200 




ns 


tow 


D|N to WE Set Up 






















ns 


tDH 


D||\| Hold Time 






















ns 


tco 


CE to Output Delay 




280 




260 




330 




400 


ns 


tACct^J 


Access Time 




300 




280 




350 




420 


ns 


tWD 


DouT Valid After WE 






















ns 



Notes: 1 . tj = 20ns 

2. tcRW - tw = tco 

3- CloaD = 50 P^' Load = One TTL Gate; Ref = 2.0V for High, 0.8V for low; t^cc "= ^AC + ^CO + 1 ^TL 



ADDRESSES ^ 

ANDCS J^As ADDRESS STABLE 




"OUT 
VOL- 



TmredTncP a -^^-vaud-JI^ J 



NOTES: 

1. Vss + 1-5V is the reference level for measuring timing of the address CS, WE, and 0)^. 

2. Vss * ''•OV is tf'e reference level for measuring timing of the address, CS, WE, and Difyj. 

3. Vss '*' 20V is the reference level for measuring timing of CE. 

4. Vqd "2V is the reference level for measuring timing of CE. 

5. Vss ■•■ 20V is the reference level for measuring the timing of DquT' 
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Read and Refresh Cycle 



(11 



~\7' 

ADDRESS V 

ANDCS A 

Vm — / ^ 



ADDRESS STABLE 



X 



ADDRESS CAN CHANGE X ADDRESS STABLE 



X 



r 



©- 



V,H 

_ WE 
WE CAN 

CHANGE 
V,L 



7 



"OUT "^IMPEDANCE" 



Y VAUD-!J-^ k-.MPEDTNCE— A 



J- 



\ 



WE CAN 
CHANGE 



1 



Write Cycle 







* ■■ - ■ ■" ■ - - -■ ■■ " ■ *wcv - ■ ■ - - - 


DDRESS V 
AND CS X 




\/ V/ ADDRESS 
ADDRESS STABLE X ADDRESS CAN CHANGE X STABLE 






tAH ► 


— 






Vhc 


1 


^ 


CE 


/" 


T r' 


1 


f 












L 




«wc 




r -3 




" tec " 




m CAN / 
CHANGE / 




\ 


W. \ 

CAN \ 

CHANGE ^ 


/ WE CAN CHANGE 








— 'dw «dh — ■« 


. L 




,, 


CD 






Din 


D,N CAN CHANGE V 


D,N STABLE 


A CAN CHANGE 






■\ 


r 




„ HIGH 

IMPEDANCE""^ 




Hdh - — "-••" — — 

n < "'GH » 

OUT IMPEDANCE 


UNDEFINED 


\ 


Vql — — — — — 


1 












'CF — 





NOTES: 1. For Refresh cycle row and column addresses nnust be stable before t/\c and remain stable for entire t/^H Period. 

2. Vss + l-SV is the reference level for measuring timing of the addresses, CS, WE, and D|fg. 

3. Vgs + 3.0V is the reference level for measuring timing of the addresses, CS, WE, and D|(vj. 

4. Vss + 2.0V is the reference level for measuring timing of CE. 

5. Vqd -2V is the reference level for measuring timing of CE. 

6. Vss ■•" 2.0V is the reference level for measuring the timing of DquT- 
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4096 BIT DYNAMIC RAM 





2107B 


2107B-4 


2107B-6 


Access Time 


200ns 


270ns 


350ns 


Read,Write Cycle 


400ns 


470ns 


800ns 


RMW Cycle 


520ns 


590ns 


960ns 



Low Cost Per Bit 

Low Standby Power 

Easy System Interface 

Only One High Voltage 

input Signal — Ciiip Enable 

TTL Compatible — All Address, Data, 

Write Enable, Ciiip Select Inputs 

Refresh Period — 2ms for 2107B, 

2107B-4, 1ms for 2107B-6 



Address Registers incorporated on the 

Chip 

Simple l\/lemory Expansion — Chip Select 

Input Lead 

Fully Decoded — On Chip Address 

Decode 

Output is Three State and TTL Compatible 

Industry Standard 22-Pin Configuration 



The Intel 2107B is a 4096 word by 1 bit dynamic n-channel MOS RAM. It was designed for memory applications where 
very low cost and large bit storage are important design objectives. The 2107B uses dynamic circuitry which reduces the 
standby power dissipation. 

Reading Information from the memory is non-destructive. Refreshing is most easily accomplished by performing one read 
cycle on each of the 64 row addresses. Each row address must be refreshed every two milliseconds. The memory is re- 
freshed whether Chip Select is a logic one or a logic zero. 

The 2107B is fabricated with n-channel silicon gate technology. This technology allows the design and production of 
high performance, easy to use MOS circuits and provides a higher functional density on a monolithic chip than other 
MOS technologies. The 21078 uses a single transistor cell to achieve high speed and low cost. It is a replacement for 
the2107A. 



PIN CONFIGURATION 

2107B 



VbbCI 

A, C 
AloCZ 
A„CZ 

esc 

AoC 

A,C 
AzC 

VccC 



=]Vss 
ID Ag 
=1 A, 
=)A6 

ID Vdd 

ID CE 
ZINC 
=IA5 

Ha. 

=1A3^ 
I] WE 



•Refrash Address Ao-Ag. 



LOGIC SYMBOL 
2107B 




\-A„ 


ADDRESS INPUTS* 


Vbb 


POWER (-5V) 


CE 


CHIP ENABLE 


Vcc 


POWER (+5V) 


C? 


CHIP SELECT 


VoD 


POWER (+12V) 


D,N 


DATA INPUT 


Vss 


GROUND 


^T 


DATA OUTPUT 


WE 


WRITE ENABLE 


NC 


NOT CONNECTED 







BLOCK DIAGRAM 



ROW DECODE 
and BUFFER 
REGISTER 



TIMING 
CONTROL 
GENERATOR 



C\)UT 



-^^— 



COLUMN 
AMPLIFIERS 



COLUMN DECODE 

and 
BUFFER REGISTER 



TTTITT 

Ae A, Ag A9 A,o A,, 



' Vss 
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Absolute Maximum Ratings* 

Temperature Under Bias 0°C to 70"C 

Storage Temperature . -65° C to +150°C 

All Input or Output Voltages with Respect to the most Negative Supply Voltage, VgB +25V to -0.3V 

Supply Voltages Vqd, Vqc. and Vss with Respect to Vbb +20V to -0.3V 

Power Dissipation 1.25W 

* COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specif ication is not implied. Exposure to absolute maximum ratingconditions for extended periods may affect device reliability. 



i 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vdd =+12V±5%, Vcc = +5V ±10%, Vge^^' = -5V ±5%, Vgg = OV, unless otherwise noted. 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.l2] 


Max. 


Ili 


Input Load Current 
(all inputs except CE) 




.01 


10 


HA 


V|N = V|L MIN to V|H MAX 
CE = V|LC or V,HC 


Ilc 


Input Load Current 




.01 


2 


ma 


V|N = ViLMIN to V|H MAX 


HloI 


Output Leakage Current 
for high impedance state 




.01 


10 


/kA 


CE = V,LcorCS = V,H 
Vo = OV to 5.25V 


'ddi 


Vdd Supply Current 
during CE offPl 




110 


200^5] 


ma 


CE = -1Vto+.6V 


IdD2 


Vqd Supply Current 
during CE on 






60 


mA 


CE = V,HC. CS = V,L 


'ddav 


Average Vpo Current 




38 


54 


mA 


CS = V,L ; Ta = 25°C; Min cycle time, 
Min tQE 


icci^^J 


Vcc Supply Current 
during CE off 




.01 


10 


ma 


CE = V,LcorCS = V|H 


Ibb 


Vbb Supply Current 




5 


100 


ma 




V|L 


Input Low Voltage 


-1.0 




0.6 


V 


tT = 20ns 


V|H 


Input High Voltage 


2.4 




Vcc+1 


V 


t j= 20ns 


V|LC 


CE Input Low Voltage 


-1.0 




+1.0 


V 




V,HC 


CE Input High Voltage 


Vdd-1 




Vdd+1 


V 




Vol 


Output Low Voltage 


0.0 




0.45 


V 


Iql = 2.0mA 


VoH 


Output High Voltage 


2.4 




Vcc 


V 


Iqh = -2.0mA 



NOTES: 

1 . The only requirement for the sequence of applying voltage to the device is that Vqd, Vcc. ^^^ ^SS should never be .3V or more 
negative than Vbb- 

2. Typical values are for T/\ = 25° C and nominal power supply voltages. 

3. The I DO and Ice currents flow to Vss- The Iqq current is the sum of ail leakage currents. 

4. During CE on Vcc supply current is dependent on output loading, Vcc '^ connected to output buffer only. 

5. Maximum IpDI ^or 2107B-6 is 250 juA. 
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A. C. Characteristics t^ = o°c to 7o°c, v^d = i2v ± 5%, Vcc = 5v ±10%. vbb = -5v ± 5%, 

READ, WRITE, AND READ MODIFY/WRITE CYCLE Vss = OV, unless otherwise noted. 



Symbol 


Parameter 


2107B 


2107B-4 


2107B-6 


Units 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tREF 


Time Between Refresh 




2 




2 




1 


ms 




tAC 


Address to CE Set Up Time 












10 




ns 


3 


tAH 


Address Hold Time 


100 




100 




100 




ns 




tec 


CE Off Time 


130 




130 




380 




ns 




tT 


CE Transition Time 


10 


40 


10 


40 


10 


40 


ns 




tCF 


CE Off to Output 
High Impedance State 

















ns 





READ CYCLE 



Symbol 


Parameter 


2107B 


2107B-4 


2107B-6 


Units 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tCY 


Cycle Time 


400 




470 




800 




ns 


4 


tCE 


CE On Time 


230 


4000 


300 


4000 


380 


4000 


ns 




too 


CE Output Delay 




180 




250 




320 


ns 


5 


tACC 


Address to Output Access 




200 




270 




350 


ns 


6 


tWL 


CEtoWE 

















ns 




two 


WE to CE On 

















ns 





WRITE CYCLE 



Symbol 


Parameter 


2107B 


2107B-4 


2107B-6 


Units 


Note 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tcY 


Cycle Time 


400 




470 




800 




ns 


4 


tCE 


CE On Time 


230 


4000 


300 


4000 


380 


4000 


ns 




tw 


WE to CE Off 


150 




150 




200 




ns 




tew 


CE to WE 


150 




150 




150 




ns 




tow 


D|N to WE Set Up 

















ns 


1 


tDH 


D|N Hold Time 

















ns 




twp 


WE Pulse Width 


50 




50 




100 




ns 





Capacitance'^' ta = 25°c 



Symbol 


Test 


Plastic And 
Ceramic Pkg. 
Typ. Max. 


Unit 


Conditions 


Cad 


Address Capacitance, OS 


4 6 


pF 


V,N = Vss 


CcE 


CE Capacitance 


17 25 


PF 


V|N = Vss 


CouT 


Data Output Capacitance 


5 7 


pF 


VoUT = OV 


C,N 


D|N and We Capacitance 


8 10 


pF 


V|N = Vss 



Notes: 1. If WE is low before CE goes high then D||y| must be valid when CE 
goes high. 
2. Capacitance measured with Boonton Meter or effective capacitance 
calculated from the equation. 

C . 5^ „i,h the current equal ,o a constant 20mA. 
AV 



3. tAC is measured from end of address transition. 

4. tj = 20ns 

5. CloaD = SOpF, Load = One TTL Gate, Ref = 2.0V. 

6. tACC = tAC + tC0 + 1tT 
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Read and Refresh Cycle '^' 



ADDRESS 
ANDC 



tAC<0)- 



ADDRESS STABLE 



w 



.^ 



WE 

WE CAN 

CHANGE 



60UT 



7 



;— - HIGH \ 

^"T **" IMPEDANCE "*■ I 



•t 



X 



ADDRESS CAN CHANGE Q 



X 



ADDRESS STABLE 



1 



©- 



:;!- 



Write Cycle 



i 



r 



-tec ^ 



\ 



WE CAN 
CHANGE 



HIGH 
IMPEDANCE" 




ADDRESS V 



v|lc" 



©- 



ADDRESS STABLE 



X 



ADDRESS CAN CHANGE 



)( 



ADDRESS STABLE 



1-© 



ViH- 



Din 

V,L- 



Vn. - 



HIGH 
"IMPEDANCE" 



S 



We can change 



D,N can change 



X 



1^/2 



'Wl CAN change 



D,N STABLE 



H c 



"L- 



r 



-• *cc- 



-toH 



X 



can change 



high 
" impedance 



rl. 



NOTES: 1 . For Refresh cycle row and column addresses must be stable before t/\cfnd remain stable for entire t^H period. 

2. V|L MAX is the reference level for measuring timing of the addresses, CS, WE, and D|fy|. 

3. V|H MIN is the reference level for measuring timing of the addresses, CS, WE, and D|fyj. 

4. Vss +2.0V is the reference level for measuring timing of CE. 

5. Vqo "2V is the reference level for measuring timing of CE. 

6. Vss +2.0V is the reference level for measuring the timing of DquT- 

7. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high. 
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Read Modify Write Cycle'^^ 


Symbol 


Parameter 


2107B 


2107B-4 


2107B-6 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tRWC 


Read Modify Write (RMW) 
Cycle Time 


520 




590 




960 




ns 


tCRW 


CE Width During RMW 


350 


4000 


420 


4000 


540 


3000 


ns 


twc 


WE to CE on 

















ns 


tw 


WE to CE off 


150 




150 




200 




ns 


twp 


WE Pulse Width 


50 




50 




100 




ns 


tow 


D|N to WE Set Up 

















ns 


tDH 


Din Hold Time 

















ns 


tco 


CE to Output Delay 




180 




250 




320 


ns 


tACC 


Access Time 

(tACC = tAC + tco +1tT) 




200 




270 




350 


ns 




NOTES: 1. Minimum cycle timing is based on tj of 20ns. 

2. V|L MAX is the reference level for measuring timing of the addresses, OS, WE, and D||\). 

3. V|H MIN is the reference level for measuring timing of the addresses, OS, WE, and D||\j. 

4. Vss +2.0V is the reference level for measuring timing of CE. 

5. Vqd ~2V is the reference level for measuring timing of CE. 

6. Vss +2.0V is the reference level for measuring the timing of DquT- ^loaD ~ 50pF. Load = One TTL Gate. 

7. WE must beat V|H until end of tco- 

8. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high. 
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Typical Characteristics 

Fig. h Idd av vs. temperature 




Fig. 3. IdD2 VS. TEMPERATURE 
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Fig. 2. TYPICAL Idd AVERAGE VS. CYCLE TIME 
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Typical Current Transients vs. Time 
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For additional typical characteristics and applications information please refer to Intel Application Note AP-1 0, "Memory System Design 
With the Intel 2107B 4K RAM" or Intel's Memory Design Handbook. 
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2111A 

256x4 RAM WITH 

COMMON I/O AND OUTPUT DISABLE 



2111A-2 


250 ns Max. 


2111A 


350 ns Max. 


2111A-4 


450 ns Max. 



■ Common Data Input and Output 

■ Single +5V Supply Voltage 

■ Directly TTL Compatible: 
All Inputs and Output 

■ Static MOS: No Clocks 
or Refreshing Required 

■ Simple Memory Expansion: 
Chip Enable Input 

■ Fully Decoded: On Chip 
Address Decode 



■ Inputs Protected: All Inputs 
Have Protection Against 
Static Charge 

■ Low Cost Packaging: 18 Pin 
Plastic Dual In-Line 
Configuration 

■ Low Power: Typically 150mW 

■ Three-State Output: OR-Tie 
Capability 



The Intel® 21 11 A Is a 256 word by 4-bit static random access memory element using N-channel MOS devices Integrated on a 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data Is 
read out nondestructively and has the same polarity as the input data. Common Input/output pins are provided. 

The 2111A is designed for memory applications in small systems where high performance, low cost, large bit storage, and 
simple interfacing are important design objectives. 

It Is directly TTL compatible In all respects: inputs, outputs, and a single +5V supply. Separate chip enable (CE) leads allow 
easy selection of an individual package when outputs are OR-tled. 

The Intel® 2111A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 



PIN CONFIGURATION 



LOGIC SYMBOL 







PIN NAMES 


A0A7 


ADDRESS INPUTS 


OD 




OUTPUT DISABLE 


R/W 




READ/WRITE INPUT 


CE, 




CHIP ENABLE 1 


CC2 




CHIP ENABLE 2 


l/Ov 


1/O4 


DATA INPUT/OUTPUT 



BLOCK DIAGRAM 




PIN NUMBERS 



Final Data Sheet Information Will Be Available In Second Quarter 1976. 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



%i%; 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



I 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vcc = 5V ±5% .unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ.[l] 


Max. 


Unit 


Test Conditions 


lu 


Input Load Current 




1 


10 


ma 


V,N = to 5.25V 


kOH 


I/O Leakage Current 




1 


10 


MA 


CEi =CE2=2.2V,V|/o=4.0V 


Ilol 


I/O Leakage Current 




-1 


-10 


MA 


CEi =CE2=2.2V,V,/o=0.45V 


'cci 


Power Supply 2111A, 2111A-4 




35 


55 


mA 


V|N = 5.25V 




Current 2111A-2 




45 


65 


l,/0 = 0mA, Ta = 25°C 


'CC2 


Power Supply 21 11 A, 2111 A-4 






60 


mA 


V,N = 5.25V 




Current 2111A-2 






70 


l|/O = 0mA, Ta = 0°C 


V.L 


Input Low Voltage 


-0.5 




0.8 


V 




VlH 


Input High Voltage 


2.0 




Vcc 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.0mA 


VoH 


Output High 2111A, 2111A-2 


2.4 






V 


loH=-200iuA 


Voltage 21 11 A-4 


2.4 






V 


loH=-150iuA 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 





^ 


AMBI 

-25''C 
-TO'C 


■NTTE 


MPERA 


TURE 














^ 














n\ 














\ 


J^ 


Vcc =4 

OUTPU 


75V 
T "HIG 










\ 


H" TYPICAL 






> 


V 







AMBI 


NTTE 


MPERA 


TURE- 


y. 


^ 


P" 








/' 


Z. 


>* 


y>^ 






A 


y 


i^ 


y 






_J 


</ 


/ 


70°C 








I 


/ 


Vcc -4 
OUTPU 


75V 


CAL 


/. 


Y 




T "LOV 


V" TYP 


/ 















VoH (VOLTS) 



NOTE: 1 . Typical values are for Ta = 25°C and nominal supply voltage. 
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A.C. Characteristics for 2111A-2 (250ns Access Time) 

READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5%, unless otherwise specified. 



Symbol 


Parameter 


Min. 


w;' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


250 






ns 




tA 


Access Time 






250 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






180 


ns 




tOD 


Output Disable To Output 






130 


ns 


Timing Reference = 1.5V 


tDpf^] 


Data Output to High Z State 







180 


ns 


Load = 1 TTL Gate 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 


andCL= lOOpF. 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ'.^' 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


170 






ns 




tAW 


Write Delay 


20 






ns 


tr, tf = 2Qns 


tew 


Chip Enable To Write 


150 






ns 




tow 


Data Setup 


150 






ns 


Timing Reference = 1.5V 


tDH 


Data Hold 









ns 


Load = 1 TTL Gate 


%P 


Write Pulse 


150 






ns 


andCL= lOOpF. 


twR 


Write Recovery 









ns 




tps 


Output Disable Setup 


20 






ns 





A. C. CONDITIONS OF TEST 

Input Pulse Levels: 0.8 Volt and 2.0 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl = lOOpF 

Waveforms 

READ CYCLE 



J2] 



Capacitance Ta = 25° c, f = 1 mhz 



Symbol 


Test 


Limits (pF) 


Typ.ni 


Max. 


C,N 


Input Capacitance 

(All Input Pins) V|N = OV 


4 


8 


Qdut 


Output Capacitance Vqut = OV 


10 


15 



WRITE CYCLE 



i)( 



CHIP 

ENABLES 

(CTl.CH) 



OUTPUT 
DISABLE 



V 



V 



:x 



)C 



y 



j^ 



DATA OUT 
VALID 




READ/ 
WRITE 



NOTES: 1 . Typical values are for T/y = 25° C and nominal supply voltage. 

2. This paranneter is periodically sampled and is not 100% tested. 

3. tpF 'S with respect to the trailing edge of Cli , CE2, or OD, whichever occurs first. 
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2111 A (350 ns Access Time) 
A.C. Characteristics 

READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5%, unless othen^^ise specified. 






iWII»l.Jr 



Symbol 


Parameter 


Min. 


Typ'^' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


350 






ns 




tA 


Access Time 






350 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






240 


ns 




tOD 


Output Disable To Output 






180 


ns 


Timing Reference = 1.5V 


tDF[2] 


Data Output to High Z State 







150 


ns 


Load = 1 TTL Gate 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 


and Cl- lOOpF. 



i 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


220 






ns 




tAW 


Write Delay 


20 






ns 


tf, tf - 20ns 


tew 


Chip Enable To Write 


200 






ns 


Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tow 


Data Setup 


200 






ns 


^DH 


Data Hold 









ns 


twP 


Write Pulse 


200 






ns 


tWR 


Write Recovery 









ns 




tDS 


Output Disable Setup 


20 






ns 





2111A-4 (450 ns Access Time) 
A.C. Characteristics 

READ CYCLE Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 



Symbol 


Parameter 


Min. 


Tvp'.^' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


450 






ns 




tA 


Access Time 






450 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






310 


ns 




too 


Output Disable To Output 






250 


ns 


Timing Reference = 1.5V 


tDF f2] 


Data Output to H4gh Z State 







200 


ns 


Load = 1 TTL Gate 

andCL= lOOpF. 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


TyJ^' 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


270 






ns 




tAW 


Write Delay 


20 






ns 


tr, tf = 20ns 


tew 


Chip Enable To Write 


250 






ns 




tow 


Data Setup 


250 






ns 


Timing Reference = 1.5V 
Load = 1 TTL Gate 

and Cl= 100pF. 


tDH 


Data Hold 









ns 


twP 


Write Pulse 


250 






ns 


tWR 


Write Recovery 









ns 




tDS 


Output Disable Setup 


20 






ns 





NOTES: 1 . Typical values are for Ta = 25° C and nominal supply voltage. 

2. tpp is with respect to the trailing edge of CEi , CE2, or OD, whichever occurs first. 
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1024 BIT (256 x 4) STATIC MOS RAM 
WITH COMMON I/O AND OUTPUT DISABLE 



Organization 256 Words by 4 Bits 

Common Data Input and Output 

Single +5V Supply Voltage 

Directly TTL Compatible — All Inputs 
and Output 

Static MOS — No Clocks or 
Refreshing Required 

Access Time — 0.5 to 1 /xsec Max. 

Simple Memory Expansion — Chip 
Enable Input 



Fully Decoded • 
Decode 



On Chip Address 



Inputs Protected — All Inputs Have 
Protection Against Static Charge 

Low Cost Packaging — 18 Pin Plastic 
Dual-ln-Line Configuration 

Low Power — Typically 150 mW 

Three-State Output — OR-Tie 
Capability 



The Intel 2111 is a 256 word by 4 bit static random access memory element using normally off N-channel 
MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires 
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the 
input data. Common input/output pins are provided. 

The 21 11 is designed for memory applications in small systems where high performance, low cost, large bit 
storage, and simple interfacing are important design objectives. 

I t is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable 
(CE) leads allow easy selection of an individual package when outputs are OR-tied. 

The Intel 21 1 1 is fabricated with N-channel silicon gate technology. This technology allows the design and 
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon- 
olithic chip than either conventional MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use 
of low cost silicone packaging. 



PIN CONFIGURATION 

Zlvcc 

Z|A4 

Ir/w 

ZICEi 
ZI'/04 

I/O2 

Zl'/Oi 

Z1CE2 



LOGIC SYMBOL 



AalZ 


1 


18 


AaC 


2 


17 


Aid 


3 


16 


AoC 


4 


15 


Asc: 


5 2111 14 


AeE 


6 


13 


A7[Z 


7 


12 


gnd[;^ 


8 


11 


od[I 


9 


10 



Ao 




Ai 


I/O, 


A2 


I/O2 


A3 


I/O3 


A4 


I/O, 


A5 


2111 


Ae 


OD 


Ay 




R/W 


CE, CEj 



TT 



PI 


N NAMES 


A0A7 


ADDRESS INPUTS 


OD 


OUTPUT DISABLE 


R/W 


READ/WRITE INPUT 


CI1 


CHIP ENABLE 1 


CE2 


CHIP ENABLE 2 


I/O1- I/O4 


DATA INPUT/OUTPUT 



BLOCK DIAGRAM 




Q =PIIM NUMBERS 
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2111, 2111-1, 2111-2 



Absolute Maximum Ratings'^ 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



i 



D.C. and Operating Characteristics for 2111, 2111-1, 2111-2 



Ta = 0°C to 70°C, Vcc = 5V ±5% , unless otherwise specified. 










Symbol 


Parameter 


Min. 


Typ.[l] 


■ 
Max. 


Unit 


Test Conditions 


Ili 


Input Load Current 






10 


MA 


V|N = to 5.25V 


•loh 


I/O Leakage Current 






15 


MA 


CEi =CE2=2.2V,V|/o=4.0V 


•lol 


I/O Leakage Current 






-50 


juA 


CEi=CE2=2.2V,V,/o=0.45V 


•cci 


Power Supply Current 




30 


60 


mA 


V,N = 5.25V 

l|/0 = 0mA, Ta = 25°C 


'CC2 


Power Supply Current 






70 


mA 


V,N = 5.25V 

l|/O = 0mA, Ta =0°C 


VlL 


Input Low Voltage 


-0.5 




+0.65 


V 




V|H 


Input High Voltage 


2.2 




Vcc 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.0mA 


VOH 


Output High Voltage 


2.2 






V 


loH =-150iuA 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 



i \\ 




AMBI 

=o°cJ 


ENTTE 


MPER/ 


TUBE 




\^ 


,— — 


-asoc 

-TO-C 










\ 


V 














A 














\ 


V 


Vcc =4 
OUTPU 


75V 
T "HIG 


H"TYP 


ICAL 






\ 






1 


V 









AMBI 


:NT TEMPERA 


TUBE- 


1 

0°^ 


;> 


^_._ 








A 


'25''C 


_^ 


y^ 






A 


'/ 


y 


/^ 






J 


/ 


> 'tcc 








/ 


/ 


M~~ = 4 "iv 


VTYP 


CAL 


> 


v^ 




OUTPU 


T "LOV 


/ 















NOTE: 1 . Typical values are for Ta = 25° C and nominal supply voltage. 
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A.C. Characteristics for 2111 

READ CYCLE Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ"' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


1,000 






ns 


tr, tf = 20ns 
V|N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tA 


Access Time 






1,000 


ns 


tco 


Chip Enable To Output 






800 


ns 


tOD 


Output Disable To Output 






700 


ns 


tDpI^l 


Data Output to High Z State 







200 


ns 


toH 


Previous Read Data Valid 
after change of Address 


40 






ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


TVP'J' 


Max. 


Unit 


Test Conditions 


twc 


Write Cycle 


1,000 






ns 


tr, tf = 20ns 
V,N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load= 1 TTL Gate 

andCL=100pF. 


tAW 


Write Delay 


150 






ns 


tew 


Chip Enable To Write 


900 






ns 


tow 


Data Setup 


700 






ns 


tDH 


Data Hold 


100 






ns 


twp 


Write Pulse 


750 






ns 


tWR 


Write Recovery 


50 






ns 


^DS 


Output Disable Setup 


200 






ns 



A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl = lOOpF 

Waveforms 

READ CYCLE 



J2] 



Capacitance ta = 25°c, f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ.ni 


Max. 


Qn 


Input Capacitance 

(All Input Pins) V|N=OV 


4 


8 


Gout 


Output Capacitance Vqut = OV 


10 


15 



WRITE CYCLE 



o( 



CHIP 

ENABLES 

(CE1.CI2) 



OUTPUT 
DISABLE 



tr: 



V. 



:x 



)C 



/ 



j^ 



DATA OUT 
VALID 




READ/ 
WRITE 



NOTES: 1 . Typical values are for Ta = 25'' C and nominal supply voltage. 

2. This parameter is periodically sampled and is not 100% tested. 

3. tpF 's with respect to the trailing edge of CEi , CEg, or OD, whichever occurs first. 
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2111-1 (500 ns Access Time) 
A.C. Characteristics for 2111-1 

READ CYCLE T^ = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 



Symbol 


Parameter 


Mln. 


Tv,i.^' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


500 






ns 


tr, tf = 20ns 
V|N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL=100pF. 


tA 


Access Time 






500 


ns 


tco 


Chip Enable To Output 






350 


ns 


tOD 


Output Disable To Output 






300 


ns 


tDFt2] 


Data Output to High Z State 







150 


ns 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 



I 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


T 111 

Typ. 


Max. 


Unit 


Test Conditions 


two 


Write Cycle 


500 






ns 


tr, tf = 20ns 
V|N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tAW 


Write Delay 


100 






ns 


tew 


Chip Enable To Write 


400 






ns 


tow 


Data Setup 


280 






ns 


tDH 


Data Hold 


100 






ns 


twp 


Write Pulse 


300 






ns 


%R 


Write Recovery 


50 






ns 


tDS 


Output Disable Setup 


150 






ns 



2111-2 (650 ns Access Time) 
A.C. Characteristics for 2111-2 



READ CYCLE 


Ta = 0°C to 70°C, Vcc = 5V ±5%, 


unless otherwise specified. 






Symbol 


Parameter 


Min. 


Tvp'^' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


650 






ns 


tr, tf = 20ns 
V|N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tA 


Access Time 






650 


ns 


too 


Chip Enable To Output 






400 


ns 


tQD 


Output Disable To Output 






350 


ns 


tDF t2l 


Data Output to High Z State 







150 


ns 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typl^^ 


Max. 


Unit 


Test Conditions 


two 


Write Cycle 


650 






ns 


tr, tf = 20ns 
V|N = +0.65V to +2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and Cl= 100pF. 


tAW 


Write Delay 


150 






ns 


tew 


Chip Enable To Write 


550 






ns 


tow 


Data Setup 


400 






ns 


tDH 


Data Hold 


100 






ns 


twp 


Write Pulse 


400 






ns 


tWR 


Write Recovery 


50 






ns 


tos 


Output Disable Setup 


150 






ns 



NOTES: 1 . Typical values are for T^ = 25" C and nominal supply voltage. 

2. tDF Is with respect to the trailing edge of CE-i , eE2, or OD, whichever occurs first. 
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int^* 2112A 

256 X 4 RAM WITH COMMON DATA I/O 



2112A-2 


250 ns Max. 


2112A 


350 ns Max. 


2112A-4 


450 ns Max. 



Single +5V Supply Voltage 

Directly TTL Compatible: 
All Inputs and Outputs 

Static MOS: No Clocks or 
Refreshing Required 

Simple Memory Expanslon: 
Chlp Enable Input 

Fully Decoded: On Chip 
Address Decode 



■ Inputs Protected: All Inputs 
Have Protection Against 
Static Charge 

■ Low Cost Paclcaging: 16 Pin 
Plastic Dual In-Llne 
Configuration 

■ Low Power: Typically ISOmW 

■ Three-State Output: OR-Tle 
Capability 



The Intel® 211 2A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated on a 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 

The 2112A is designed for memory applications in small systems where high performance, low cost, large bit storage, and 
simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate chip enable (CE) lead allows 
easy selection of an individual package when outputs are OR-tled. 

The Intel® 2112A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 



PIN CONFIGURATION 



LOGIC SYMBOL 



A3IZ 


1 


16 


ZJvcc 


A.C 


2 


15 


13 A4 


A,IZ 


3 


14 


II]r/w 


AolZ 


4 


13 


I]CE 


As [I 


5 


12 


ZI'/04 


AsC 


6 


11 


IDI/O3 


A7[I 


7 


10 


I]'/02 


gndCI 


8 


9 


Zl'/Oi 



Ao 




A, 


I/O, 


A2 


I/O2 


A3 


I/O3 


A4 


I/O4 


A5 




Ac 




A7 




R/W 


CE 





PIN NAMES 


Ao-/» 


7 ADDRESS INPUTS 


R/W 


READ/WRITE INPUT 


Cf 


CHIP ENABLE INPUT 


I/O,. 


I/O4 DATA INPUT/OUTPUT 


Vcc 


POWER (+5V) 



BLOCK DIAGRAM 




0= PIN NUMBERS 



Final Data Sheet Information Will Be Available In Second Quarter 1976. 
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211 2A FAMILY 



Absolute Maximum Ratings'^ 

Ambient Temperature Under Bias -10°Cto 80°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -O.BV to +7V 

Power Dissipation 1 Watt 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



■ 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


TypPl 


Max. 


Unit 


Test Conditions 


•li 


Input Current 




1 


10 


mA 


V|N = to 5.25V 


'loh 


I/O Leakage Current 




1 


10 


ma 


Cl = 2.0V, V|/o =4.0V 


•lol 


I/O Leakage Current 




-1 


-10 


ma 


CE = 2.0V, V|/o = 0.45V 


•cci 


Power Supply 21 1 2A, 21 1 2A-4 




35 


55 


mA 


V|N = 5.25V, l|/o =OmA 




Current 2112A-2 




45 


65 


Ta = 25°C 


*CC2 


Power Supply 21 1 2A, 21 1 2A-4 






60 


mA 


V|N = 5.25V, l,/o =OmA 




Current 2112A-2 






70 


Ta.= 0°C 


V|L 


Input "Low" Voltage 


-0.5 




0.8 


V 




V|H 


Input "High" Voltage 


2.0 




Vcc 


V 




Vol 


Output "Low" Voltage 






+0.45 


V 


Iql = 2mA 


VOH 


Output "High" 2112A, 21 12A-2 


2.4 






V 


loH = -200mA 




Voltage 2112A-4 


2.4 






V 


l0H= -150mA 



A.C. Characteristics for 2112A-2 

BEAD CYCLE Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ.f^J 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


250 






ns 


tr, tf = 20ns 


tA 


Access Time 






250 


ns 




^00 


Chip Enable To Output Time 






180 


ns 


Timing Reference = 1.5V 


tCD 


Chip Enable To Output Disable Time 







120 


ns 


Load = 1 TTL Gate 


tOH 


Previous Read Data Valid After 
Change of Address 


40 






ns 


andCL= lOOpF. 



READ CYCLE WAVEFORMS 



ADDRESS 



0( 



u — ^. 



tOH 



INPUT/OUTPUT 



}( 



I 



*CD 



[21 



Capacitance ta = 25°c, f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ.tl) 


Max. 


C|N 


Input Capacitance 

(All Input Pins) V|n = OV 


4 


8 


C|/o 


I/O Capacitance V|/o = OV 


10 


15 



NOTES: 

t. Typical values are for Ta = 25° C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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A.C. Characteristics for 2112 A-2 (Continued) 

WRITE CYCLE #1 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ."] 


Max. 


Unit 


Test Conditions 


%C1 


Write Cycle 


200 






ns 


tr, tf = 20ns 


tAWI 


Address To Write Setup Time 


20 






ns 




tDWI 


Write Setup Time 


180 






ns 


Timing Reference = 1.5V 


tWPI 


Write Pulse Width 


180 






ns 


Load = 1 TTL Gate 


tcsi 


Chip Enable Setup Time 









ns 


and €(_= lOOpF. 


tCHI 


Chip Enable Hold Time 









ns 




tWRI 


Write Recovery Time 









ns 




tDHI 


Data Hold Time 









ns 




^CWI 


Chip Enable To Write Setup Time 


180 






ns 





WRITE CYCLE #2 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.flJ 


Max. 


Unit 


Test Conditions 


twC2 


Write Cycle 


320 






ns 


tr, tf = 20ns 


tAW2 


Address To Write Setup Time 


20 






ns 




tDW2 


Write Setup Time 


180 






ns 


Timing Reference = 1.5V 


%D2 


Write To Output Disable Time 


120 






ns 


Load = 1 TTL Gate 


tcS2 


Chip Enable Setup Time 









ns 


andCL=100pF. 


tCH2 


Chip Enable Hold Time 









ns 




%R2 


Write Recovery Time 









ns 




tDH2 


Data Hold Time 









ns 





Write Cycle Waveforms 

WRITE CYCLE #1 



WRITE CYCLE #2 



o( 



CHIP ENABLE 



INPUT/OUTPUT 



3( 



> -• tpwi -^ 



X 



DATA IN 
STABLE 



^v / 



J 



)C 



0( 



CHIP ENABLE 



INPUT/OUTPUT 



" *WC2 " 



X 



\ 



}( 



DATA IN 
STABLE 



^^ f 



/ 



X 



~*WR2~ 



NOTE: 1. Typical values are for Ta = 25** C and nominal supply voltage. 
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A.C. Characteristics for 211 2A 

READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5% unless otherwise specified. 



'^''''''''-^^'^^'ii^^^^ 



Symbol 


Parameter 


Min. 


TypJ^l 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


350 






ns 


tr, tf = 20ns 


tA 


Access Time 






350 


ns 




tco 


Chip Enable To Output Time 






240 


ns 


Timing Reference = 1.5V 


tCD 


Chip Enable To Output Disable Time 







200 


ns 


Load = 1 TTLGate 


tOH 


Previous Read Data Valid After 
Change of Address 


40 






ns 


andCL= 100pF. 



i 



WRITE CYCLE #1 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.^^^ 


Max. 


Unit 


Test Conditions 


twci 


Write Cycle 


270 






ns 


tr, tf = 20ns 


^AWI 


Address To Write Setup Time 


20 






ns 




tDWI 


Write Setup Time 


250 






ns 


Timing Reference = 1.5V 


tWPI 


Write Pulse Width 


250 






ns 


Load = 1 TTL Gate 


tcsi 


Chip Enable Setup Time 









ns 


andCL=100pF. 


tCHI 


Chip Enable Hold Time 









ns 


tWRI 


Write Recovery Time 









ns 




tDHI 


Data Hold Time 









ns 




^cvyi 


Chip Enable to Write Setup Time 


250 






ns 





WRITE CYCLE #2 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.tll 


Max. 


Unit 


Test Conditions 


twC2 


Write Cycle 


470 






ns 


tr, tf = 20ns 


tAW2 


Address To Write Setup Time 


20 






ns 




tDW2 


Write Setup Time 


250 






ns 


Timing Reference = 1.5V 


tWD2 


Write To Output Disable Time 


200 






ns 


Load= 1 TTLGate 


^CS2 


Chip Enable Setup Time 









ns 


andCL= lOOpF. 


tCH2 


Chip Enable Hold Time 









ns 


tWR2 


Write Recovery Time 









ns 




tDH2 


Data Hold Time 









ns 





NOTE: 1. Typical values are for Ta = 25''C and nominal supply voltage. 
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A.C. Characteristics for 2112A-4 

READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5% unless otherwise specified. 






^ W.IP:1,##1 



Symbol 


Parameter 


Min. 


Typ.f^^ 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


450 






ns 


tr, tf = 20ns 


tA 


Access Time 






450 


ns 




tco 


Chip Enable To Output Time 






310 


ns 


Timing Reference = 1.5V 


tCD 


Chip Enable To Output Disable Time 







260 


ns 


Load= ITTLGate 


toH 


Previous Read Data Valid After 
Change of Address 


40 






ns 


andCL= lOOpF. 



WRITE CYCLE #1 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.^^' 


Max. 


Unit 


Test Conditions 


twci 


Write Cycle 


320 






ns 


tr, tf = 20ns 


tAWI 


Address To Write Setup Time 


20 






ns 




tDWI 


Write Setup Time 


300 






ns 


Timing Reference = 1.5V 


tWPI 


Write Pulse Width 


300 






ns 


Load = 1 TTL Gate 


tcsi 


Chip Enable Setup Time 









ns 


andCL= lOOpF. 


tCHI 


Chip Enable Hold Time 









ns 




tWRI 


Write Recovery Time 









ns 




tDHI 


Data Hold Time 









ns 




^CWI 


Chip Enable to Write Setup Time 


300 






ns 





WRITE CYCLE '#Z Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.f^^ 


Max. 


Unit 


Test Conditions 


twC2 


Write Cycle 


580 






ns 


tr, tf = 20ns 


tAW2 


Address To Write Setup Time 


20 






ns 


V,N=+0.65Vto+2.2V 


tDW2 


Write Setup Time 


300 






ns 


Timing Reference = 1.5V 


%D2 


Write To Output Disable Time 


260 






ns 


Load = 1 TTL Gate 


tcS2 


Chip Enable Setup Time 









ns 


andCL= lOOpF. 


tCH2 


Chip Enable Hold Time 









ns 


tWR2 


Write Recovery Time 









ns 




tDH2 


Data Hold Time 









ns 





NOTE: 1 . Typical values are for Ta = 25°C and nominal supply voltage. 
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int^l' 2112, 2112-2 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH COMMON DATA I/O 



Organization 256 Words by 4 Bits 
Common Data Input and Output 
Single +5V Supply Voltage 
Directly TTL Compatible: 
All Inputs and Output 
Static MOS: No Clocks or 
Refreshing Required 
Access Time: 0.65 to 1 psec Max. 
Simple Memory Expansion: 
Chip Enable Input 



Fully Decoded: On Chip 
Address Decode 

Inputs Protected: All Inputs Have 
Protection Against Static Charge 

Low Cost Packaging: 16 Pin 

Plastic Dual In-Line 

Configuration 

Low Power: Typically 150mW 

Three-State Output: OR-Tie 

Capability 



B 



The Intel® 2112 is a 256 word by 4-bit static random access memory element using normally off N-channel MOS devices 
integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to 
operate. The data is read out non-destructively and has the same polarity as the input data. Common input/output pins are 
provided. 

The 211 2 is designed for memory applications in small systems where high performance, low cost, large bit storage, and simple 
interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate chip enable (CE) lead allows 
easy selection of an individual package when outputs are OR-tied. 

The I ntel® 21 1 2 is fabricated with N-channel silicon gate technology. This technology allows the design and production of high 
performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either conventional 
MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
silicone packaging. 



PIN CONFIGURATION 



LOGIC SYMBOL 





PIN NAMES 



A0-A7 ADDRESS INPUTS 



R/W READ/WRITE INPUT 



CHIP ENABLE INPUT 



I/O1-I/O4 DATA INPUT/OUTPUT 



POWER {+5V) 



BLOCK DIAGRAM 




0= PIN NUMBERS 
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Absolute Maximum Ratings'^ 

Ambient Temperature Under Bias 0°C to 70° C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation , 1 Watt 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating 'may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. and Operating Characteristics for 2112, 2112-2 

Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ.^^^ 


Max. 


Unit 


Test Conditions 


Ili 


Input Current 






10 


AtA 


V|N = to 5.25V 


'loh 


I/O Leakage Current 






15 


iuA 


CE = 2.2V, V|/o = 4.0V 


Ilol 


I/O Leal<age Current 






-50 


/iA 


CE = 2.2V, V,/o = 0.45V 


•cci 


Power Supply Current 




30 


60 


mA 


V|N = 5.25V, l|/o = OmA 
Ta = 25°C 


*CC2 


Power Supply Current 






70 


mA 


V|N = 5.25V, l,/o = OmA 
Ta=0°C 


V,L 


Input "Low" Voltage 


-0.5 




+0.65 


V 




V|H 


Input "High" Voltage 


2.2 




Vcc 


V 




Vol 


Output "Low" Voltage 






+0.45 


V 


Iql = 2mA 


VOH 


Output "High" Voltage 


2.2 






V 


loH=-150iuA 



A.C. Cliaracteristics for 2112 



READ CYCLE 


Ta = 0°C to 70°C, Vcc = 5V ±5% unl 


ess otherwise specified. 






Symbol 


Parameter 


Min. 


Typ.^^^ 


Max. 


Unit 


Test Conditions 


^RC 


Read dycle 


1,000 






ns 


tr,tf = 20ns 
V|N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tA 


Access Time 






1,000 


ns 


too 


Chip Enable To Output Time 






800 


ns 


too 


Chip Enable To Output Disable Time 







200 


ns 


tOH 


Previous Read Data Valid After 
Change of Address 


40 






ns 



READ CYCLE WAVEFORMS 



ADDRESS 



0( 
'J 



\ 



INPUT/OUTPUT 



Of 



SI 



X 



/■ 



*CD 



[2] 



Capacitance ta = 25°c, f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ.fl] 


Max. 


CjN 


Input Capacitance 

(All Input Pins) V,n = OV 


4 


8 


C|/0 


I/O Capacitance V|/o = OV 


10 


15 



NOTES: 

1 . Typical values are for Ta = 25° C and nominal supply voltage. 

2. This parameter is periodically sampled and is not 100% tested. 
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2112, 2112-2 



A.C. Characteristics for 2112 (Continued) 

WRITE CYCLE #1 Ta = 0°C to 70°C, Vcc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ."] 


Max. 


Unit 


Test Conditions 


twci 


Write Cycle 


850 






ns 


tr, tf = 20ns 
V,N = +0.65V to +2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= 100pF. 


Uwi 


Address To Write Setup Time 


150 






ns 


tDWI 


Write Setup Time 


650 






ns 


tWPI 


Write Pulse Width 


650 






ns 


tcsi 


Chip Enable Setup Time 









ns 


tCHI 


Chip Enable Hold Time 









ns 


tWRI 


Write Recovery Time 


50 






ns 


tDHI 


Data Hold Time 


100 






ns 


^CWI 


Chip Enable To Write Setup Time 


650 






ns 



■ 



WRITE CYCLE #2 Ta = 0°C to 70°C, Vqc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.ll^ 


Max. 


Unit 


Test Conditions 


twC2 


Write Cycle 


1050 






ns 


tr, tf = 20ns 
V|N = +0.65V to +2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tAW2 


Address To Write Setup Time 


150 






ns 


tDW2 


Write Setup Time 


650 






ns 


%D2 


Write To Output Disable Time 


200 






ns 


tcS2 


Chip Enable Setup Time 









ns 


tCH2 


Chip Enable Hold Time 









ns 


tWR2 


Write Recovery Time 


50 






ns 


tDH2 


Data Hold Time 


100 






ns 



Write Cycle Waveforms 

WRITE CYCLE #1 



WRITE CYCLE #2 



o( 



CHIP ENABLE 



INPUT/OUTPUT 



- ^wci - 



X 



t: 



>C 



DATA IN 
STABLE 



^^ / 



J 



X 



-*WR1- 



'0( 



CHIP ENABLE 



INPUT/OUTPUT 



READ/WRITE 



■ *WC2 - 



X 



\ 



}( 



DATA IN 
STABLE 



^v f 



J 



-*WR2- 



NOTE: 1. Typical values are for Ta = 25" C and nominal supply voltage. 
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2112-2 (650 ns Access Time) 
A.C. Characteristics for 2112-2 



READ CYCLE 


Ta = 0°C to 70°C, Vcc = 5V ±5% unless othe 


rwise sp 


3cified. 






Symbol 


Parameter 


Min. 


Tvp.t^l 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


650 






ns 


tr, tf = 20ns 
V,N=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load= 1 TTLGate 

andCL= lOOpF. 


tA 


Access Time 






650 


ns 


tco 


Chip Enable To Output Time 






500 


ns 


tCD 


Chip Enable To Output Disable Time 







150 


ns 


tOH 


Previous Read Data Valid After 
Change of Address 


40 






ns 



WRITE CYCLE #1 Ta = 0°C to 70°C, Vcc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.^^^ 


Max. 


Unit 


Test Conditions 


twci 


Write Cycle 


500 






ns 


tr, tf = 20ns 
V,ivi=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tAWl 


Address To Write Setup Time 


100 






ns 


towi 


Write Setup Time 


280 






ns 


tWPI 


Write Pulse Width 


350 






ns 


tcsi 


Chip Enable Setup Time 









ns 


tCHI 


Chip Enable Hold Time 









ns 


tWRI 


Write Recovery Time 


50 






ns 


tOHl 


Data Hold Time 


50 






ns 


*CW1 


Chip Enable to Write Setup Time 


350 






ns 



WRITE CYCLE #2 Ta = 0°C to 70°C, Vcc = 5V ±5% 



Symbol 


Parameter 


Min. 


Typ.fiJ 


Max. 


Unit 


Test Conditions 


%C2 


Write Cycle 


650 






ns 


tr, tf = 20ns 
V,ivi=+0.65Vto+2.2V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

andCL= lOOpF. 


tAW2 


Address To Write Setup Time 


100 






ns 


tDW2 


Write Setup Time 


280 






ns 


tWD2 


Write To Output Disable Time 


200 






ns 


tcS2 


Chip Enable Setup Time 









ns 


tCH2 


Chip Enable Hold Time 









ns 


tWR2 


Write Recovery Time 


50 






ns 


tDH2 


Data Hold Time 


50 






ns 



NOTE: 1. Typical values are for Ta = 25° C and nominal supply voltage. 
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Intel' 2115,2125 

1024 X 1 HIGH SPEED STATIC RAM 





2115-2, 
2125-2 


2115, 
2125 


2115L, 
2125L 


Typ. Taa (ns) 


55 


75 


75 


Typ.lcc(mA) 


80 


75 


50 



i 



Fully Pin Compatible to 93415 
(2115) and 93425 (2125) 
Low Operating Power Dissipation: 
Typical 0.2mW/bit (2115L, 2125L) 
TTL Inputs and Output 



Single +5V Supply 
Uncommitted Collector'^ (2115) 
and Three-State (2125) Output 
Non-Inverting Data Output 
Standard 16 Pin Dual In-Line 
Package 



The Intel® 2115 and 2125 family are fully static read/write random access memories organized as 1024 words by 1 bit. These 
RAMs are designed for buffer control storage and high performance main memory applications. They are compatible with TTL 
logic families in all respects: inputs, output, and a single +5V supply. Both uncommitted collector* and three-state output are 
available. 

The 2115 and 2125 family offers high performance, low power dissipation, and system cost savings. Fast system speed is 
achieved by using the 2115-2 and 2125-2. The 2115L and 2125L gives low system power dissipation, only 0.2mW/bit typical. 
The 2115 and 2125 are ideal for slower performance systems where cost Is a prime factor. 

The 2115 and 2125 family is fabricated with N-channel MOS silicon gatetechnology. This technology allows the design and 
production of high speed MOS RAMs which are compatible to the performance of bipolar RAMs, but offering the advantage of 
lower power dissipation and cost. 

*The 2115 is a MDS device and tlie output is actually an uncommitted drain. 



PIN CONFIGURATION 



LOGIC SYMBOL 






,A 


,1 


I 


Ao — 


1 
2 


15 


14 


Ai — 


3 






A2 — 


4 






A3— 


5 






A4 — 


6 






A5 — 


9 






Ae — 


10 






A7— 


11 






As — 


12 






A9 — 


13 


7 





Vcc ■ 
GND ' 



PIN 16 
PIN 8 



PIN NAMES 


cs 


CHIP SELECT 


A0TOA9 


ADDRESS INPUTS 


m 


WRITE ENABLE 


D,N 


DATA INPUT 


DOUT 


DATA OUTPUT 



BLOCK DIAGRAM 



WORD 
DRIVER 



SENSE AMPS 

AND 

WRITE 

DRIVERS 




tt 

Aq A^ Aj A3 A^ 



CONTROL 

LOGIC 

(SEE TRUTH 

TABLE) 



"OUT 

© 



TTTTJ 

A5 Ag A7 Ag Ag CS WE D,N 

©(lO)®©® ® (S) © 

TRUTH TABLE 



INPUTS 


OUTPUT 
2115 FAMILY 


OUTPUT 
2125 FAMILY 


MODE 


CS WE D,N 


DoUT 


DoUT 




H X X 


H 


HIGH Z 


NOT SELECTED 


L L L 


H 


HIGH Z 


WRITE "0" 


L L H 


H 


HIGH Z 


WRITE "1" 


L H X 


DouT 


DoUT 


READ 
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Absolute Maximum Ratings* 

Temperature Under Bias -10°C to +85°C 

Storage Temperature -65°C to +150°C 

All Output or Supply Voltages . -0.5 to +7 Volts 

All Input Voltages -0.5 to +5.5 Volts 

D.C. Output Current 20mA 

"COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or at any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. Characteristics 
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Vcc = 5V ±5%, Ta = 0°C to 75°C 



Symbol 


Test 


Min. 


Typ. 


Max. 


Unit 


Conditions 


VoLI 


21 1 5-2 Output Low Voltage 






0.45 


V 


l0L = 16mA 


VoL2 


2115, 211 5L Output Low 
Voltage 






0.45 


V 


l0L = 12mA 


V0L3 


2125 Family Output Low Voltage 






0.45 


V 


lOL = 7mA 


V|H 


Input High Voltage 


2.1 






V 




ViL 


Input Low Voltage 






0.8 


V 




IlL 


Input Low Current 




-1 


-40 


MA 


Vcc = Max., V|N = 0.4V 


l|H 


Input High Current 




1 


40 


M 


Vcc = Max., V|N = 4.5V 


'CEX 


2115 Family Output Leakage Current 




10 


100 


ma 


Vcc = Max., VouT = 4.5V 


I'offI 


2125 Family Output Current (High Z) 




10 


50 


ma 


Vcc =Max., VouT = 0.5V/2.4V 


I0sf2] 


2125 Family Current Short 
Circuit to Ground 






-100 


mA 


Vcc = 4.5V 


VOH 


2125 Family Output High Voltage 


2.4 






V 


l0H= --3.2mA 


•CCL 


21 1 5L, 21 25L Power Supply Current 




50 


65 


mA 


All Inputs Grounded, Output 
Open 


'cci 


2115, 2125, Power 
Supply Current 




75 


100 


mA 


All Inputs Grounded, 
Output Open 


'CC2 


21 1 5-2, 21 25-2 Power Supply Current 




80 


125 


mA 


All Inputs Grounded, Output Open 



Notes: 

1 . The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two 
minute warm-up. Typical thermal resistance values of the package at maximum temperature are: 

djA (@ 400 f PM air flow) = 45*'C/W 
djA (still air) = 60**C/W 
fljC=25°C/W. 

2. Duration of short circuit current should not exceed 1 second. 



2-82 



2115, 2125 FAMILY 
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2115 Family A.C. Characteristics vcc = 5v ±5%,Ta = o°cto 75°c 

READ CYCLE 



-llllrj 



Symbol 


Test 


Min. 


2115-2 

Limits 

Typ. 


Max. 


Min. 


2115 
Limits 
Typ. Max. 


Min. 


2115L 
Limits 
Typ. Max. 


Units 


tACS 


Chip Select Time 


5 




40 


5 


45 


5 


50 


ns 


tRCS 


Chip Select Recovery Time 


40 


40 


40 


ns 


Ua 


Address Access Time 




55 


70 


75 95 


75 95 


ns 


tOH 


Previous Read Data Valid After 
Change of Address 


10 


10 


10 


ns 


WRITE CYCLE 


Symbol 


Test 


Min. 


Typ. 


Max. 


Min. 


Typ. Max. 


Min. 


Typ. Max. 


Units 


%s 


Write Enable Time 


40 


40 


40 


ns 


tWR 


Write Recovery Time 


5 




45 


5 


45 


5 


50 


ns 


tw 


Write Pulse Width 


50 


50 


50 


ns 


twSD 


Data Set-Up Time Prior to Write 


5 


5 


15 


ns 


tWHD 


Data Hold Time After Write 


5 


5 


15 


ns 


twSA 


Address Set-Up Time 


15 


30 


30 


ns 


tWHA 


Address Hold Time 


5 


5 


15 


ns 


twscs 


Chip Select Set-Up Time 


5 


5 


15 


ns 


tWHCS 


Chip Select Hold Time 


5 


5 


15 


ns 



TEST CONDITIONS 



A.C. AND D.C. LOADING CONDITIONS 
4.75V 



2115 _ 
Dqut 



" 600f2 :±z 





2115-2 


2115 


2115L 


1 "L 


270n 


330J2 


33on 



30pF 

(INCLUDING 
SCOPE AND 
JIG) 



ALL INPUT PULSES 



3.5Vp-p 



+ 



/ 



X 



K 



- 90% 

10% 



X 



-10% 
- 90% 



READ CYCLE 



Ao-Ag 



X 



"*OH 



MmDATA'iim 
gi::; undefined;:; 



PROPAGATION DELAY FROM CHIP SELECT 

cs ■ 



\ 



/ 



\ 



WRITE CYCLE 



\. 



X 



X 



^ei^^ 



X 



X 



— ^ws 



;:;;;;;:;:;;;:;; UNpEFiNEpj;:;:;:;:'' 



f—X£ 



f 



-tWHCS *- 



(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2115, 2125 FAMILY 






i 



2125 Family A.C. Characteristics "Vcc = 5v±5%,ta =o°cto 75°c 

READ CYCLE 



Symbol 


Test 


2125-2 

Limits 

Min. Typ. Max 


2125 

Limits 

Min. Typ. Max. 


2125L 

Limits 

Min. Typ. Max. 


Units 


tACS 


Chip Select Time 


5 40 


5 45 


5 50 


ns 


*ZRCS 


ChipSelecttoHIGHZ 


40 


40 


40 


ns 


tAA 


Address Access Time 


55 70 


75 95 


75 95 


ns 


tOH 


Previous Read Data Valid After 
Change of Address 


10 


10 


10 


ns 





WRITE CYCLE 



Symbol 


Test 


Min. Typ. Max. 


Min. 


Typ. Max. 


Min. 


Typ. Max. 


Units 


tzws 


Write Enable to HIGH Z 


40 


40 


40 


ns 


tWR 


Write Recovery Time 


5 


45 


5 


45 


5 


50 


ns 


tw 


Write Pulse Width 


50 


50 


50 


ns 


tWSD 


Data Set-Up Time Prior to Write 


5 


5 


15 


ns 


tWHD 


Data Hold Time After Write 


5 


5 


15 


ns 


tWSA 


Address Set Up Time 


15 


30 


30 


ns 


tWHA 


Address Hold Time 


5 


5 


15 


ns 


twscs 


Chip Select Set-Up Time 


5 


5 


15 


ns 


tWHCS 


Chip Select Hold Time 


5 


5 


15 


ns 



TEST CONDITIONS 

A.C. LOADING CONDITIONS 



2125 
Dqut' 



ALL INPUT PULSES 



Vp-p /i 



3.5Vp-p 



i 



X 



- 90% 

.10% 



30pF 

(INCLUDING 
SCOPE AND 
JIG) 



3.5VP-P 



X 



-J 



- 10% 
- 90% 



READ CYCLE 



WRITE CYCLE 



X 



'^ 



-toH 



XDATA \/ 

UNDEFINED J^ 

iV F 



PROPAGATION DELAY FROM CHIP SELECT 



S 



m 



X 



X 



X 



X 



^^^^ 



-*— tWSA- 
'wscs 



DOU- 



(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 



^^;' "' 



^t 
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2115, 2125 FAMILY 






2125 FAMILY WRITE ENABLE TO HIGH Z DELAY 



WRITE ENABLE 



DATA OUTPUT 






fc_V 



'^OUT 

DATA OUTPUT "0" LEVEL 



:?^}o.5 



J} 0.5V 

HIGHZ 



i 



2125 FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 



cs 

CHIP SELECT 



/ 



1.5 V 



DATA OUTPUT "0" LEVEL 



DATA OUTPUT 



/ * 

J }-0.5> 



Z} 0.5V 

HIGHZ 



(All tzxXX parameters are measured at a delta of 0,5V from 
the logic level and using Load 1.) 



2115/2125 FAMILY CAPACITANCE* Vcc = 5V,f 


= 1 MHz,Ta = 25°C 






Symbol 


Test 


2115 Family 

Limits 
Typ. Max. 


2125 Family 

Limits 
Typ. Max. 


Units 


Test Conditions 


c, 


Input Capacitance 


3 5 


3 5 


PF 


All Inputs = OV, Output Open 


Co 


Output Capacitance 


5 8 


5 8 


PF 


CS=5V, All other inputs = OV, 
Output Open 



*This parameter is periodically sampled and is not 100% tested. 



Typical Characteristics 



Ice vs. TEMPERATURE 



Ice VS. Vcc 



AeCESS TIME VS. eAPAeiTANCE 



X^ 




V 


~1 
15/2125 






^^ 


•^^ 21 




^ 


--J 


2115L/ 


J125L 



























,=25° 


























^ 


•^ 


■ 






X 











































^ 










y 


^ 








/ 










/ 










/ 




T 
V 


A = 25° 

^r. = 4.' 

















20 40 60 80 100 

TEMPERATURE TO 



100 200 300 400 500 600 
Cl (pF) 
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Intel 



2116 



i 



16,384-BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 



The Intel® 2116 is a 16K x 1 dynamic N-Channel MOS 
RAM fabricated with Intel's highly reliable silicon gate 
technology and packaged in a standard 16 pin DIP. It 
uses a single transistor cell for low cost, low p ower, 
high spee d and high packing density. Two clocks, CAS 
and RAS, multiplex the address Inputs with non-critical 
timing requirements. 

The industry standard pin configuration of the 21 16 will 
enable systems using the 2104 type 4K RAMs to be 
easily upgraded to 16K capabilities. 

The 2116 family offers identical power dissipation, 
access and cycletimestothoseofthe2104, 2104-2, and 
2104-4. All input and output levels of the 21 16 are TTL 
compatible. The output is three-state. 



EXPECTED CHARACTERISTICS 

Apibient Temperature Range: 0°C to 70° 

Nominal Vdd: 12V 

Nominal Vcc: +5V 

Nominal Vbb: -5V 

Nominal Vss: OV 

ViL Range: -1.0V to 0.8V 

ViH Range: 2.4 to Vdd+1V 

Maximum Vol: 0.4V 

Minimum Voh: 2.4V 

Maximum Operating Power: OOOmW 

Maximum Standby Power: 24mW 

Maximum Access Times: 250, 300, 350ns 

Minimum Cycle Times: 375, 425, 500ns 

Maximum Refresh Time: 2ms 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 






Ai 






A3 


D,N 




A4 






A5 


Dqut 




Ae 




-c 


RAS 
CAS 




— < 


WE 





PIN NAMES 



Ao- 
Ai- 

A2~ 
A3- 
A4- 
A5- 
Afi- 



^ 



COLUMN 
LATCH 



ADDRESS 
BUS 



o 



ROW 
LATCH 



^ 



CLOCK 
GENERATOR NO. 2 



DATA 

IN 
LATCH 



I {enable L£!!ABLE 



COLUMN 
DECODER 



SENSE AMPS 
I/O GATING 



OUTPUT 

LATCH AND 

BUFFER 



16384 BIT 
STORAGE ARRAY 



AS) 4, 



Dour 



-Vcc 
-GND 



CLOCK 
GENERATOR NO. 1 | 



Ao-Ae 


ADDRESS INPUTS 


WE 


WRITE ENABLE 


CA5 


COLUMN ADDRESS STROBE 


Vrp 


POWER (-5V) 


D.N 


DATA IN 


Vcc 


POWER (+5V) 


DouT 


DATA OUT 


Vdd 


POWER (+12V) 


RAS 


ROW ADDRESS STROBE 


Vss 


GROUND 
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iny 



3101,3101A 



HIGH SPEED FULLY DECODED 
64 BIT MEMORY 



■ 



" Fast Access Time -35 nsec. max. 
over 0-75° C Temperature Range. 

(3101A) 

' Simple Memory Expansion through 
Chip Select Input --17 nsec. max. 
over 0-75° C Temperature Range. 

(3101A) 

■ DTL and TTL Compatible -Low 
Input Load Current: 0.25mA. max. 



• OR-Tie Capability- 
Open Collector Outputs. 

> Fully Decoded -on Chip Address 
Decode and Buffer. 

• Minimum Line Reflection - Low 
Voltage Diode Input Clamp. 

Ceramic and Plastic Package - 
16 Pin Dual In-Line Configuration. 



The Intel 3101 and 3101 A are high speed fully decoded 64 bit random access memories, organized 16 words 
by 4 bits. Their high speed makes them ideal in scratch pad applications. An unselected chip will not generate 
noise at its output during writing of a selected chip. The output is held high on an unselected chip regardless 
of the state of the read/write signal. 

The use of Schottky barrier diode clamped transistors to obtain fast switching speeds results in higher perfor- 
mance than equivalent devices with gold diffusion processes. 

The Intel 3101 and 31 01 A are packaged in either hermetically sealed 16 pin ceramic packages, or in low cost 
silicone packages, and their performance is specified over a temperature range from 0°C to 75° C. 

The storage cells are addressed through an on chip 1 of 16 binary decoder using four input address leads. 

A separate Chip Select lead allows easy selection of an individual package when outputs are OR-tied. 

In addition to the address leads and the Chip Select lead, there is a write input which allows data presented at 
the data leads to be entered at the addressed storage cells. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 



ADDRESS INPUT Ap C 1 

CHIP SELECT CSd 2 

WRITE ENABLE WE Q 3 

DATA INPUT D,[I 4 

DATA OUTPUT 0,[Z 5 

DATA INPUT DjC: 6 

DATA OUTPUT O^C 7 

GNDlZ 8 



DA, ADDRESS INPUT 
D A^ ADDRESS INPUT 
Z) A3 ADDRESS INPUT 
ZI D4 DATA INPUT 
Do, DATA OUTPUT 
I] D3 DATA INPUT 
IDO3 DATA OUTPUT 



PIN NAMES 




D1-D4 DATA INPUTS 


cs 


CHIP SELECT INPUT 


A0-A3 ADDRESS INPUTS 


0,-0, 


DATA OUTPUTS 


WE WRITE ENABLE 


Vcc 


POWER (+5V) 



(^ 




(y^ — 




(^ 


£ 










(^ 


ra 






0®- 


1 



©vcc 

(8)gND 




D, C, Dj ^ D, ^ 64 ©4 

TRUTH TABLE 



CHIP 
SELECT 


WRITE 
ENABLE 


OPERATION 


OUTPUT 


LOW 


LOW 


WRITE 


HIGH 


LOW 


HIGH 


READ 


COMPLEMENT OF 
WRITTEN DATA 


HIGH 


LOW 


_ 


HIGH 


HIGH 


HIGH 


- 


HIGH 
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3101, 3101A 



I 



Absolute Maximum Ratings' 



Temperature Under Bias: Ceramic 


-65°Cto+1250C 


Plastic 


-65°C to +75°C 


Storage Temperature 


-650C to+160°C 


All Output or Supply Voltages 


-0.5 to +7 Volts 


All Input Voltages 


-1.0 to +5.5 Volts 


Output Currents 


100mA 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



D.C. Characteristics t^ = o°c to +75 °c, Vcc = 5.ov ±5% 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


'fa 


ADDRESS INPUT LOAD CURRENT 




-0.25 


mA 


V^c =5.25V, V^ =0.45V 


'fd 


DATA INPUT LOAD CURRENT 




-0.25 


mA 


y^^ =5.25V, Vp =0.45V 


'fw 


WRITE INPUT LOAD CURRENT 




-0.25 


mA 


Vcc =5.25V,V^ =0.45 V 


'fs 


CHIP SELECT INPUT LOAD CURRENT 




-0.25 


mA 


Vcc=5.25V, Vs=0.45V 


'ra 


ADDRESS INPUT LEAKAGE CURRENT 




10 


mA 


Vcc=5.25V,V^=5.25V 


'rd 


DATA INPUT LEAKAGE CURRENT 




10 


mA 


Vcc=5.25V,Vd=5.25V 


'rw 


WRITE INPUT LEAKAGE CURRENT 




10 


mA 


Vcc=5.25V, V^^=5.25V 


'rs 


CHIP SELECT INPUT LEAKAGE CURRENT 




10 


ma 


Vcc =5.25V,Vs =5.25 V 


VcA 


ADDRESS INPUT CLAMP VOLTAGE 




-1.0 


V 


Vcc=4.75V, l^=-5.0mA 


VcD 


DATA INPUT CLAMP VOLTAGE 




-1.0 


V 


Vcc=4.75V, lo=-5.0mA 


Vcw 


WRITE INPUT CLAMP VOLTAGE 




-1.0 


V 


Vcc=4.75V, l,^=-5.0mA 


Vcs 


CHIP SELECT INPUT CLAMP VOLTAGE 




-1.0 


V 


Vcc=4.75VJs=-5.0mA 


Vol 


OUTPUT "LOW" VOLTAGE 




0.45 


V 


Vcc=4.75V, Iql = 15 mA 
Memory Stores "Low" 


'CEX 


OUTPUT LEAKAGE CURRENT 




100 


ma 


Vcc=5.25V,Vc£^=5.25V 
Vs=2.5V 


'cc 


POWER SUPPLY CURRENT 




105 


mA 


Vcc=5-25V.V^=V3=Vo=0V 


V,L 


INPUT "LOW" VOLTAGE 




0.85 


V 


Vcc=5.0V 


V,H 


INPUT "HIGH" VOLTAGE 


2.0 




V 


Vcc=5.0V 



Typical Characteristics 



VS. 



OUTPUT CURRENT 
OUTPUT "LOW" VOLTAGE 



INPUT CURRENT 
VS. INPUT VOLTAGE 



INPUT THRESHOLD VOLTAGE 
VS. AMBIENT TEMPERATURE 



1 1 

Vcc = 5.0V 




h 


y 




























1 












75 


c-^ 


f/l 














i 


Ih 





c 






25 


"C~~ 


r7^ 


1 














1 














/ 


// 













gC-100 

u 
K-125 

--150 

-175 





25^ 


'\ 


J 


T 






75»( 


^^ 


^ 




— ^0° 


c 






f 



















































































gl.5 





Vcc = 


5.0V 













"~ 









0.2 0.4 0.6 

OUTPUT VOLTAGE (V) 



1.0 2.0 

INPUT VOLTAGE IV) 



25 50 

AMBIENT TEMPERATURE CO 
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3101,3101A 



Switching Characteristics 

Conditions of Test: 

Input Pulse amplitudes: 2.5V 

Input Pulse rise and fall times of 
5 nanoseconds between 1 volt 
and 2 volts 

Speed measurements are made at 1.5 volt levels 

Output loading is 15mA and 30 pF 



15 mA Test Load 



30pF 



►300fi 



1 



READ CYCLE 

Address to Output Delay 



An, A«, Ao, A 



0' -^1' -^2' ^^3 



CHIP SELECT INPUT 



01,02,03.04 

Chip Select to Output Delay 

Aq, a^. A2. A3 




Jd 



-•— >18n 



CHIP SELECT INPUT 



01.02,03,04 



\ 






^i r 



WRITE CYCLE 



Aq, Ai, Aj, A3. 



CHIP SELECT INPUT 



D1.D2, 03,04 



WRITE INPUT 



01,02.03,04 
(Selected Chips)* 






Data may y 
change A^ 



—*■ ^^ — >Ons ^WR 'y' 



x: 



^ 



^SR 
(See Note 1) 



•Outputs of unselected chips remain high during write cycle. 



NOTE 1: tgp is associated with a read cycle following a write cycle and does not affect the access time. 



A.C. Characteristics Ta = o°c to +75° c, Vcc = 5.ov ±5% 



READ CYCLE 


SYMBOL 


PARAMETER 


3101A 


3101 


LIMITS (ns) 


LIMITS (ns) 


MIN. 


MAX. 


MIN. 


MAX. 


ts+'ts_ 


Chip Select to Output 
Delay 


5 


17 


5 


42 


tA-.tA+ 


Address to Output 
Delay 


10 


35 


10 


60 



CAPACITANCE '2) 



T^ = 25°C 



^IN 


INPUT CAPACITANCE 
(All Pins) 


10 pF 
maximum 


^OUT 


OUTPUT CAPACITANCE 


12 pF 
maximum 



WRITE CYCLE 


SYMBOL 


TEST 


31 01 A 


3101 


LIMITS (ns) 


LIMITS (ns) 


MIN. 


MAX. 


MIN. 


MAX. 


tSR 


Sense Amplifier 
Recovery Time 




35 




50 


twP 


Write Pulse Width 


25 




40 




tow 


Data-Write Overlap 
Time 


25 




40 




tWR 


Write Recovery Time 







5 





NOTE 2: This parameter is periodically sampled and is not 100% 
tested. Condition of measurement is f = 1 MHz, V^ias 
= 2V, Vcc = OV, and Ta = 25°C. 
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3101, 3101A 



i 



Typical A.C. Characteristics 



ADDRESS TO OUTPUT DELAY 

VS. 

AMBIENT TEMPERATURE 



Cl=3C 


5.0V + 5% 








'a + 






<A- 















CHIP SELECT TO OUTPUT DELAY 

VS. 

AMBIENT TEMPERATURE 







Vcc = 5.0V ±5% 










Cl = 30pF 

1 






•p 


30 










%. 










I 


20 










o 
o 










13 


10 






»S- 




a. 








£ 






_ 




n 






*s. 



25 50 

AMBIENT TEMPERATURE (°C) 



25 50 

AMBIENT TEMPERATURE ("CI 



ADDRESS & CHIP SELECT TO OUTPUT DELAY 

VS. 

LOAD CAPACITANCE 



WRITE PULSE WIDTH & SENSE 
AMPLIFIER RECOVERY TIME 
VS. AMBIENT TEMPERATURE 



1 

Vcc = 5.0V ± 5% 




^^ 


D.C. LOAD = 15 mA 




/ 


Ta = 25 °C 




y^ 


tA. ^ 








^^ 
















/ 






y 








^ 








^ 


. 


, - 




^ 


^A- 


^ •" 










^— 














^ 








y^ 








^ 








^ 






H.^^ 














^ 


- 














h- 






^ 








^ 






^ 








^ 












Vcc- 


5.0V 
JOpF 








*SR 












Vvp 










, 





100 150 

LOAD CAPACITANCE (pF) 



25 50 

AMBIENT TEMPERATURE (°C) 
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int^l M3101, M3101A 

HIGH SPEED FULLY DECODED 64 BIT MEMORY 



Military Temperature Range 
-55°C to +125°C 

Fast Access Time — 45ns 
Maximum (M3101A) 



OR-Tie Capability— 
Open Collector Outputs 

Standard Packaging — 16 
Pin Dual In-Line 
Lead Configuration 



a 



The M3101 and M3101A are military temperature range RAMs, organized as 16 words by 4-blts. Their high speed makes them 
Ideal in scratch pad and small buffer memory applications. The M3101 and MSI 01 A are fabricated with using Schottky bar- 
rier diode clamped transistors which results In higher speed performance than equivalent devices made with a gold diffusion 
process. 



PIN CONFIGURATION 



LOGIC SYMBOL 



ADDRESS INPUT Aj, C 

CHIP SELECT CS 
WRITE ENABLE WE C 
DATA INPUT D,[I 
DATA OUTPUT o", C 

DATA INPUT D2 
DATA OUTPUT 0^ 

GNDC 




16 =]Vcc 

15 I] A, ADDRESS INPUT 
A2 ADDRESS INPUT 
13 tH A3 ADDRESS INPUT 
12 Z] D4 DATA INPUT 
0, DATA OUTPUT 
Z] D3 DATA INPUT 
I3O3 DATA OUTPUT 

TRUTH TABLE 






CS 

: - 
:; •■ 

w 

D, 
D4 
















CHIP SELECT 


WRITE ENABLE 


OPERATION 


OUTPUT 


LOW 


LOW 


WRITE 


HIGH 


LOW 


HIGH 


READ 


COMPLEMENT OF WRITTEN DATA 


HIGH 


LOW 


_ 


HIGH 


HIGH 


HIGH 


_ 


HIGH 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... 15°Cto+55°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 

•COMMENT 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at these or at any 
other condition above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device 
reliability. 



D. C. and Operating Characteristics t^ = -55° c to +i25°c, v^c = b.ov ±5% 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Ifa 


Address Input Load Current 




-0.25 


mA 


Vcc = 5.25V, Va = 0.45 V 


Ifd 


Data Input Load Current 




-0.25 


mA 


Vcc = 5.25V, Vd= 0.45 V 


'fw 


Write Input Load Current 




-0.25 


mA 


Vcc = 5.25 V, Vw= 0.45 V 


Ifs 


Chip Select Input Load Current 




-0.25 


mA 


Vcc = 5.25V, Vs = 0.45V 


Ira 


Address Input Leakage Current 




10 


ma 


Vcc = 5.25V,Va=5.25V 


Ird 


Data Input Leakage Current 




10 


MA 


Vcc = 5.25 V, Vd= 5.25V 


Irw 


Write Input Leakage Current 




10 


MA 


Vcc = 5.25V, Vw = 5.25V 


Irs 


Chip Select Input Leakage Current 




10 


MA 


Vcc = 5.25 V, Vs = 5.25 V 


VCA 


Address Input Clamp Voltage 




-1.0 


V 


Vcc = 4.75V,lA=-5.0mA 


VcD 


Data Input Clamp Voltage 




-1.0 


V 


Vcc=4.75V,lD=-5.0mA 


Vcw 


Write Input Clamp Voltage 




-1.0 


V 


Vcc = 4.75V,lw=-5.0mA 


Vcs 


Chip Select Input Clamp Voltage 




-1.0 


V 


Vcc = 4.75V,ls=-5.0mA 


Vol 


Output "Low" Voltage 




0.45 


V 


Vcc =4.75V,loL = 10mA 
Memory Stores "Low" 


'CEX 


Output Leakage Current 




100 


ma 


Vcc = 5.25 V, VcEX = 5.25 V, Vs=2.5V 


'cc 


Power Supply Current 




105 


mA 


Vcc = 5.25V,Va = Vs = Vd=0V 


V|L 


Input "Low" Voltage 




0.80 


V 


Vcc = 5.0V 


V|H 


Input "High" Voltage 


2.1 




V 


Vcc=5.0V 
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M3101, M3101A 



i 



A.C. Characteristics t^ = -55°c +i25°c, Vcc = b.ov ±5% 



READ CYCLE 


SYMBOL 


PARAMETER 


3101A 


3101 


LIMITS (ns) 


LIMITS (ns) 


MIN. 


MAX. 


MIN. 


MAX. 


ts+'^s- 


Chip Select to Output 
Delay 


5 


25 


5 


55 


^A-'U+ 


Address to Output 
Delay 


10 


45 


10 


75 



CAPACITANCE <^> 



T^ = 25° C 



C|N 


INPUT CAPACITANCE 
(All Pins) 


10 pF 
maximum 


^OUT 


OUTPUT CAPACITANCE 


12 pF 
maximum 



WRITE CYCLE | 


SYMBOL 


TEST 


3101A 


3101 


LIMITS (ns) 


LIMITS (ns) 


MIN. 


MAX. 


MIN. 


MAX. 


tSR 


Sense Amplifier 
Recovery Time 




40 




50 


tWP 


Write Pulse Width 


35 




40 




tow 


Data-Write Overlap 
Time 


35 




40 




tWR 


Write Recovery Time 













NOTE 1 • This parameter is periodically sampled and is not 100% 
tested. Condition of measurement is f = 1 MHz, V^jas 
= 2V, Vcc = OV, and Ta = 25°C. 



Conditions of Test: 

Input Pulse amplitudes: 2.5V , 

Input Pulse rise and fall times of 
5 nanoseconds between 1 volt 
and 2 volts 

Speed measurements are made at 1.5 volt levels 

Output loading is 10 mA and 30 pF 



10 mA Test Load 



^cc 

^470n 



30pF 






READ CYCLE 

Address to Output Delay 



An, Ai, Ao, A 



0' ^1- ^2-^3 



CHIP SELECT INPUT 



01,02,03,04 

Chip Select to Output Delay 




Aq, A^, A2, A3 



.0( 



-•— >20ns 



CHIP SELECT INPUT 



01,02.03,04 



ts_ -H- -^ ts+ 1^ 



'Outputs of unselected chips remain high during write cycle. 
NOTE 2: tgp is associated with a read cycle following a write cycle and does not affect the access time. 



WRITE CYCLE 



Aq. Ai, A2. A3, 



CHIP SELECT I 



Di, 02,03, D4 



WRITE INPUT 



01,02.03,04 
(Selected Chips)* 



NPUT ^k 



Data may 
change 



%.. 



twp- 



x: 



— *- ^f — >Ons tWR — *-/ 



)C 



tCR !-•— 



tSR 
(See Note 2) 
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Intel 



3104 



HIGH SPEED 16 BIT 
CONTENT ADDRESSABLE MEMORY 



a 



■ Organization -4 Words x 4 Bits 

■ Max. Delay of 30 nsec Over 0° C 
to 75° C Temperature 

■ Open Collector Outputs — OR Tie 
Capability 

- High Current Sinking Capability - 
15 mA max. 



■ Low Input Load Current— 
0.25 mA max. 

■ DTL & TTL Compatible 

■ Bit Enable Input -Bit Masking 
- Standard 24 Pin Dual In-Line 



The Inter3104 is a high speed 16 bit Content Ad- 
dressable Memory (CAM). It is a linear select 4 word 
by 4 bit array which is designed to compare data on 
its inputs with data already stored in its memory and 



to indicate a match when these data are identical. 
This equality search is performed on all bits in par- 
allel. The 3104 can also be used as a read/write RAM 
with linear selection addressing. 



PIN CONFIGURATION 



LOGIC SYMBOL 



WRITE ENABLE 

•DATA INPUT 

DATA INPUT 

DATA INPUT 

DATA INPUT 

MATCH OUTPUT 

MATCH OUTPUT 

MATCH OUTPUT 

MATCH OUTPUT 

MATCH OUTPUT 

*DATA OUTPUT 

GROUND 

•DATA IN and DATA OUT < 




SUPPLY VOLTAGE 
BIT ENABLE INPUT 
BIT ENABLE INPUT 
BIT ENABLE INPUT 
BIT ENABLE INPUT 
ADDRESS INPUT 
ADDRESS INPUT 
ADDRESS INPUT 
ADDRESS INPUT 
DATA OUTPUT 
DATA OUTPUT 
DATA OUTPUT 
selected, the date output 



5 4 3 2 20 21 22 23 



Dg D, D^ D3 Eo E, Ej E3 



3104 
4 X4CAIVI 



Op O, O; O3 



TTTf 



V(.c= PIN 24 
13 11 14 15 GND = PIN12 



LOGIC DIAGRAM 




W-{>— 03 
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3104 



Absolute Maximum Ratings* 



Temperature Under Bias 

Storage Temperature 

All Output or Supply Voltages 

All Input Voltages 

Output Currents 



-65° C to +125°C 

-65° C to+160°C 

-0.5 to +7 Volts 

-1.0 to +5.5 Volts 

100mA 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



D- C. Characteristics T^ = 0°C to +75°C, Vcc = S.OV ±5%; unless otherwise specified. 


SYMBOL 


PARAMETER 


LIMIT 


UNIT 


TEST 
CONDITIONS 


MIN. 


TYP. 


MAX. 


'fa 


ADDRESS INPUT LOAD CURRENT 






-0.25 


mA 


Vcc " 5-25^ V^ = .45V 


'fe 


BIT ENABLE INPUT LOAD CURRENT 






-0.25 


mA 


Vcc " 5-25V Vg = .45V 


'fw 


WRITE ENABLE INPUT LOAD CURRENT 






-0.25 


mA 


Vcc = 5.25V Vw=-45V 


'fd 


DATA INPUT LOAD CURRENT 






-0.25 


mA 


Vcc = 5.25V Vp = .45V 


'ra 


ADDRESS INPUT LEAKAGE CURRENT 






10 


jUA 


Vcc " 5-25^ V^ = 5.25V 


're 


BIT ENABLE INPUT LEAKAGE CURRENT 






10 


jUA 


Vcc " 5-25^ Vg = 5.25V 


'rw 


WRITE ENABLE INPUT LEAKAGE CURRENT 






10 


^A 


Vcc " 5-25^ V\^ = 5.25V 


'rd 


DATA INPUT LEAKAGE CURRENT 






10 


flA 


Vcc = 5.25V Vp = 5.25V 


'CEX 


OUTPUT LEAKAGE CURRENT 
(ALL OUTPUTS) 






50 


[lA 


Vcc = 5.25V VcEx = 5.25V 


Vol 


OUTPUT "LOW" VOLTAGE 
(ALL OUTPUTS) 






0.45 


V 


Vcc ""^-^SV Iql = 15mA 


V,L 


INPUT "LOW" VOLTAGE (ALL INPUTS) 






0.85 


V 


Vcc = 5V 


V|H 


INPUT "HIGH" VOLTAGE (ALL INPUTS) 


2.0 






V 


Vcc = 5V 


'cc 


POWER SUPPLY CURRENT 






125 


mA 


Vcc " ^•25V OUTPUTS HIGH 


^IN** 


INPUT CAPACITANCE 




5 




PF 


V||^ = +2.0V, Vcc = O.OV 
f - 1 MHz 


^OUT** 


OUTPUT CAPACITANCE 




8 




PF 


^OUT " +2.0V, Vcc " 0-OV 
f = 1 MHz 



*This parameter is periodically sampled and is not 100% tested. 



Typical D.C. Characteristics 



INPUT CURRENT VS. 
INPUT VOLTAGE 



1 


T 1 

= 5.0V 




] 


T 


1 






75°C 




^ 


-i 


y*" 


-o°c 














^ 




5°C 












/I 
























































































































J 




_j 


,_.. 













1.0 2.0 3.0 

INPUT VOLTAGE (V) 



INPUT THRESHOLD VOLTAGE 
VS. TEMPERATURE 







V,, = 5.0V 






■~~ 















OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 



1 

Vcc = 


5.0V 




/ 








/// 






7 




JL^ 


•c 




5°C 


III 






/// 


r — -26 


"C 






/// 









AMBIENT TEMPERATURE (°C) 



OUTPUT "LOW" VOLTAGE (V) 
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3104 



Switching Characteristics 

conditions of Test: 

Input Pulse amplitudes • • 2.5V 

Input pulse rise and fall times of 
5 nanoseconds between 1 volt 
and 2 volts 

Speed measurements are made at 1 .5 volt levels 

Output loading is 15 mA and 30 pF 



15mA Test Load 



30pF 



r 



vcc 

>3oon 



I 



600 n 



BIT ENABLE 
INPUT 



MATCH 
OUTPUT 



DATA 
INPUT 



MATCH 
OUTPUT 



T 



wl-*-tnM^ 



X 



T 



■\ 






jr 



MATCH 
y DATA 
MODE 



J 



ADDRESS 
INPUT 

DATA 
OUTPUT 

ADDRESS AND 
BIT ENABLE 
INPUT 

WRITE 

ENABLE 

INPUT 



DATA 
INPUT 



DATA 
OUTPUT 




WRITE 

)> DATA 

MODE 



A-C. Characteristics T^ = 0°C to +75°C, Vcc = 5.0V ±5%; unless otherwise specified. 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


MIN. 


TYP.<1) 


MAX. 


^EM 


BIT ENABLE INPUT TO MATCH OUTPUT DELAY 




15 


30 


ns 


^DM 


DATA INPUT TO MATCH OUTPUT DELAY 




16 


30 


ns 


^AO 


ADDRESS INPUT TO OUTPUT DELAY 




14 


30 


ns 


^WP 


WRITE ENABLE PULSE WIDTH 


40 


25 




ns 


^wo 


WRITE ENABLE TO OUTPUT DELAY 




- ■ 


40 


ns 


^S 


SET-UP TIME ON DATA INPUT 




- 


40 


ns 


^R 


RELEASE TIME ON DATA INPUT 





- 




ns 



Note 1. Typical values are at nominal voltages and T^ = 25°C. 
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3104 



i 



Typical A.C. Characteristics 



BIT ENABLE INPUT TO MATCH OUTPUT 
DELAY VS. TEMPERATURE 



DATA INPUT TO MATCH OUTPUT 
DELAY VS. TEMPERATURE 



V,, = 5.0V 
C^ =30pF 










^Lu— -— ^ 















^i 20 



V,, = 5.0V 
Cl = 30 pF 






t_ + 







t__ 




^^^ 


U + 




- — " — ^ 















AMBIENT TEMPERATURE (°C) 



AMBIENT TEMPERATURE ("C) 



ADDRESS INPUT TO DATA OUTPUT 
DELAY VS. TEMPERATURE 



WRITE ENABLE PULSE WIDTH 
VS. TEMPERATURE 



Vcc = 5.0V 
Cl =30pF 










^11^--—" 






t__ 









Vcc =5.0V 
Cl =30 pF 

























AMBIENT TEMPERATURE (°C) 



25 50 

AMBIENT TEMPERATURE (°C) 
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int^l 31 06A, 31 06, 31 06-8, 31 OTA, 31 07, 31 07-8 
HIGH SPEED FULLY DECODED 256 BIT RAM 



■ Fast Access Tlme-60 msec max. 
over 0° to 75° C Temperature 
Range and ±5% Supply Voltage 
Tolerance - -3106A and 3107A 

■ Fully Decoded -On Chip Address 
Decode and Buffer 

■ DTL and TTL Compatible -Low 
Input Load Current: 0.25mA max. 



■ Open Collector 

(3107 A, 3107, 3107-8) or Three 
State (3106A, 3106, 3106-8) Output 

■ Simple Memory Expansion 
through 3 Chip Select Inputs 

" Minimum Line Reflection -Low 
Voltage Diode Input Clamp 

■Standard Packaging -16 Pin DIP 



1 



The Intel 3106A and 3107A family are high speed, fully decoded, 256 bit read/write random access memories. Their organi- 
zation is 256 words by 1-bit. These devices are designed for high speed scratch pad, buffer, and distributed main memory 
applications. The 3106A and 3 107 A are higher speed versions of the 3106 and 3107. The 3106-8 and 3107-8 are ideal for 
slower performance systems where low system cost is a prime factor. 

All devices feature three chip-select inputs. The 3106A, 3106, and 3106-8 have a three-state output and the 31 07 A, 3107, 
and 3107-8 provide the user with the popular open collector output. On-chip address decoding and the high speed chip- 
select facilitate easy memory expansion. 

The use of Schottky barrier diode clamped transistors to obtain fast switching speeds results in higher performance than 
equivalent devices made with a gold diffusion process. The performance of these devices is specified over a temperature range 
from 0°C to -f-75°C. 

The 3106 and 3107 families are compatible with TTL and DTL logic circuits. 



PIN CONFIGURATION 



ADDRESS INPUT 


AiCZ 


* 


16 


ADDRESS INPUT 


AoCI 


2 


15 


CHIP SELECT 


cs,(z: 


3 


14 


CHIP SELECT 


cs,iz: 


4 


13 


CHIP SELECT 


CS3CZ 


5 


12 


DATA OUTPUT 


doutc: 


6 


11 


ADDRESS INPUT 


A^CZ 


7 


10 


GROUND 


GNDd 


8 


9 



LOGIC 
SYMBOL 



JVcc SUPPLY VOLTAGE 
IIA2 ADDRESS INPUT 
DAj ADDRESS INPUT 
IId,n DATA INPUT 
DWE WRITE ENABLE 
DA7 ADDRESS INPUT 
HAg ADDRESS INPUT 
DA5 ADDRESS INPUT 



CS, 


WE 


D|N 


CS2 






CS3 






Ao 






A, 
A? 




Dour 


A3 






A4 






A5 






Ae 






A? 







PIN NAMES 


D,,^ DATA INPUT 


CS^-CSg CHIP SELECT 


A0-A7 ADDRESS INPUTS 


Dqut data output 


WE WRITE ENABLE 
INPUT 





C-S3®. 

^0UT®-O 



BLOCK DIAGRAM 

A(j A, Aj A3 

@| CTjl @| @| 



1/16 DECODER 

ADDRESS BUFFERS AND 

INVERTERS 



I I I I I I I I I I I I I I I 



■WRITE AND 
SENSE AMPLIFIERS 



I I I I I I I I I I I I I I I I 



(q) = GND 

Q = PIN NUMBER 



DATA 
INPUT 
AND 
WRITE 
BUFFERS 



16 X 16 
MEMORY ARRAY 



;: Q o3 






TRUTH TABLE 



CHIP 
SELECT 


WRITE 
ENABLE 


OPERATION 


OUTPUT 


ALL 
LOW 


LOW 


WRITE 


COMPLEMENT OF 
DATA INPUT 


ALL 
LOW 


HIGH 


READ 


COMPLEMENT OF 
WRITTEN DATA 


ONE OR 

MORE 

HIGH 


DON'T 
CARE 


HOLD 


31 06A,31 06,31 06-8 

HIGH 

IMPEDANCE 

STATE 


31 07A,31 07,31 07-8 

HIGH 
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3106A, 3106, 3106-8, 3107A, 3107, 3107-8 



i 



Absolute Maximum Ratings* 



Temperature Under Bias 

Storage Temperature 

All Output or Supply Voltages 

All Input Voltages 

Output Currents 



-55°Cto+125"C 

-65°Cto+160''C 

-0.5 to +7 Volts 

-1.0 to +5.5 Volts 

100mA 



^COMMENT: 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the devige. 
This is a stress rating only and functional operation of 
the device at these or at any other condition above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



D. C. Characteristics 



Ta = 0°C to 75°C 


, Vcc = 5.0V ±5% 












SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN. 


TYP.d) 


MAX. 


If 


INPUT LOAD CURRENT 
ALL INPUTS 






-0.25 


mA 


Vcc = 5.25V 
V,^ = 0.45 V 


•r 


INPUT LEAKAGE 
CURRENT, ALL INPUTS 






10 


A^A 


Vcc = 4.75V 
Vr = 5.25V 


Vc 


INPUT CLAMP 
VOLTAGE, ALL INPUTS 






-1.0 


V 


Vcc = ^-^BV 
1,,^ = -5.0 mA 


Vol 


OUTPUT LOW 
VOLTAGE 






0.45 


V 


Vcc = 4.75V 
Iql = 15 mA 


'CEX 


OUTPUT LEAKAGE 
CURRENT 






100 


/iA 


Vcc = VcEx = 5.25V 


'cc 


POWER SUPPLY 
CURRENT 




90 


130 


mA 


Vcc = 5.25V 

ALL INPUTS OPEN 


v,L 


INPUT LOW VOLTAGE 






0.85 


V 


Vcc =5.0V 


V,H 


INPUT HIGH VOLTAGE 


2.0 






V 




3106A, 


3106, 3106-8 ONLY 






Mol 


OUTPUT LEAKAGE FOR 
HIGH IMPEDANCE STATE 






100 


/iA 


Vcc = 5.25V 

Vq = 0.45V/5.25V 


Isc 


OUTPUT SHORT 
CIRCUITCURRENT 


-15 




-65 


mA 


Vo =0V 
Vcc = 5V 


VoH 


OUTPUT HIGH VOLTAGE 


2.4 






V 


lo = 3.2 mA 
Vcc - 4.75V 



^1^ Typical values are for T^ = 25° C and nominal supply voltages. 
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3106A, 3106, 3106-8, 3107A, 3107, 3107-8 



A.C. Characteristics T„ = ox to +75"C, Vrr = 5.0V ±5% unless otherwise specified. 



READ CYCLE 


SYMBOL 


TEST 


LIMITS (ns) 1 


MIN. 


TYP. 


MAX. 


tA-, 
tA+ 


ADDRESS TO 3106A/3107A 


15 


40 


60 


OUTPUT DELAY 3106,3107, 
(ALL CHIP 3106-8,3107-8 
SELECTS LOW) 


15 


50 


80 


ts-. 
ts+ 


CHIP SELECT 
TO OUTPUT 
DELAY (ALL 
ADDRESS 
INPUTS STABLE) 


5 


25 


40 



3106A, 3106, 3106-8 ONLY 



SYMBOL 


TEST 


MIN. 


MAX. 


^ON 


TIME OUTPUT REACHES 
LOW IMPEDANCE STATE 
AFTER CHIP ENABLED 







^OFF 


TIME OUTPUT REACHES 
HIGH IMPEDANCE STATE 
AFTER CHIP DISABLED 




20 



WRITE CYCLE 


SYMBOL 


TEST 


LIMITS (ns) 1 


MIN. 


TYP. 


MAX. 


twp 


WRITE ENABLE 3106A.3107A 


50 


35 




PULSE WIDTH 3106,3107 


60 


45 




3106-8,3107-8 


80 


70 




tSR 


TIME INPUT DATA APPEARS AT 
THE OUTPUT FOLLOWING A 
WRITE COMMAND. 
twP^MIN. LIMIT 




10 


25 



CAPACITANCE, T. = 25°C 



*This parameter is periodically sampled and is not 100% tested. Condition 
of measurement is f = 1 MHz, \/\^i^^ = 2V, Vqq = OV, and T^ = 250C. 



SYMBOL 


TEST 


PACKAGE 


LIMITS (pF) 


TYP. MAX. 


C|N* 


INPUT CAPACITANCE 
(ALL INPUT PINS) 
ALL DEVICES 


PLASTIC 


6 8 


CERDIP 


'7 10 


^OUT* 


OUTPUT 
CAPACITANCE 
ALL DEVICES 


PLASTIC 


8 11 


CERDIP 


9 13 



Conditions of Test: 

Input Pulse amplitudes: 2.5V 

Input Pulse rise and fall times: 
5 nanoseconds between 1 volt 
and 2 volts 

Measurements made at 1.5 volt level 



Test Load 




n 50 pF 
^2 ^600Q C^-j- iNCL. JIG. 
I & PROBE 



Waveforms 



READ CYCLE 

ADDRESS TO OUTPUT DELAY 




I 




CHIP SELECT TO OUTPUT DELAY 





WRITE CYCLE 



CHIP 

SELECT 

INPUT 



DATA 
INPUT 



WRITE 
ENABLE 
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3106A, 3106, 3106-8, 3107A, 3107, 3107-8 



Typical A. C. Characteristics 



ADDRESS INPUT TO OUTPUT DELAY 

VS TEMPERATURE 

(3106. 3106A, 3107, 3107A) 



ADDRESS INPUT TO OUTPUT DELAY 
VS LOAD CAPACITANCE 
(3106. 3106A, 3107, 3107A) 




CHIP SELECT TO OUTPUT DELAY 

VS TEMPERATURE 

(3106, 3106A. 3107, 3107A) 

















»s* __ — 


— ""■ 










VCC-5.0V 

D.C. LOAD - 15 mA 

Cl - 50 pF 



AMBIENT TEMPERATURE CO 



LOAD CAPACITANCE (pF) 



AMBIENT TEMPERATURE (°C) 



WRITE ENABLE PULSE WIDTH 

VS TEMPERATURE 

(3106, 3106A. 3107. 3107A) 























3 




tyvp 








40 














































<", 










5l 






























< 






















70 


























1 














Vcc-50V 








ADDRESS CHANGED lOnt 








PRIOR TO W/E PULSE. 




n 







AMBIENT TEMPERATURE (°C) 



Typical D. C. Characteristics 



INPUT CURRENT VS 

INPUT VOLTAGE 

(3106. 3106A, 3107. 3107A) 











7500 -^ 


>/ 


J 










25 


}^ 


r^ 


< 


"C 










/ 




r 


















































































-160 



















2.0 3.0 



INPUT VOLTAGE (V) 



OUTPUT "HIGH" VOLTAGE VS 
OUTPUT CURRENT 
(3106 & 3106A ONLY) 





1 




O" 


^ ■ ■ 


¥ 


~25»C 














V, 


5»C 










/ 














/ 


/ 














/ 












A 














/■ 


f 














y/ 

















OUTPUT "LOW" VOLTAGE VS 

OUTPUT CURRENT 

(3106. 3106A, 3107, 3107A) 





, „ 

Vcc- 


5.0V 








^ 


/ 












V^ 












75<>Cs. 




V 


r 














^250C 












i 




■^o°c 










/, 


V 












/ 


i 














// 


7 













I '■' 



liMPUT THRESHOLD VOLTAGE VS 

TEMPERATURE 

(3106, 3106A. 3107. 3107A) 







Vcc - 5.0V 















OUTPUT VOLTAGE (V) 



OUTPUT "LOW" VOLTAGE (mV) 



AMBIENT TEMPERATURE (<>C| 
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int^l 5101, 5101L 

1024 BIT (256 x 4) STATIC CMOS RAM 



P/N 


Typ. 


Current 
(MA) 


@2V 


Typ. Standby 
Current (^A) 


Max Access 
(ns) 


5101L 




0.14 




0.2 


650 


5101L-1 




0.9 




1.5 


450 


5101L-3 




0.7 




1.0 


650 


5101-1 









1.5 


450 


5101 









0.2 


650 


5101-3 









1.0 


650 


5101-8 









10.0 


800 



i 



Single +5V Power Supply 

Ideal for Battery 
Operation (5101L) 



■ Directly TTL Compatible: 
All Inputs and Outputs 

■ Three-State Output 



The Intel® 5101 and 5101L are ultra-low power 1024 bit (256 words x 4-bits) static RAMs fabricated with an advanced ion- 
implanted silicon gate CMOS technology. The devices have two chip enable inputs. Minimum standby current is drawn by 
these devices when CE2 is at a low level. When deselected the 5101 draws from the single 5 volt supply only 15 microamps. 
These devices are ideally suited for low power applications where battery operation or battery backup for non-volatility are 
required. 

The 5101 uses fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition. The data is 
read out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL compatible. The 
5101 has separate data input and data output terminals. An output disable function is provided so that the data inputs and 
outputs may be wire OR-ed for use In common data I/O systems. 

The 5101L is identical to the 5101 with the additional feature of guaranteed data retention at a power supply voltage as low as 2.0 
volts. 

A pin compatible N-channel static RAM, the Intel® 2101A, is also available for low cost applications where a 256 x 4 
organization is needed. 

The Intel ion-implanted, silicon gate, complementary MOS (CMOS) allows the design and production of ultra-low power, high 
performance memories. 



PIN CONFIGURATION 



A3IZ 1 



LOGIC SYMBOL 



Aol 
A5I 





TRUTH TABLE 



CEi 


CE2 


OD 


R/W 


D,N 


Output 


Mode 


H 


X 


X 


X 


X 


HighZ 


Not Selected 


X 


L 


X 


X 


X 


High Z 


Not Selected 


X 


X 


H 


H 


X 


HighZ 


Output Disabled 


L 


H 


H 


L 


X 


HighZ 


Write 


L 


H 


L 


L 


X 


Din 


Write 


L 


H 


L 


H 


X 


DoUT 


Read 



BLOCK DIAGRAM 



;:il 

A^®^ 



CELL ARRAY 

32 ROWS 
32 COLUMNS 




© 



:k 



-oVcc 



COLUMN I/O 
CIRCUITS 



^Q 



COLUMN 
SELECT 
BUFFERS 



^o®^ — ^=nmi 






©0© 



© = PIN NUMBERS 



2-101 



5101, 5101L FAMILY 



I 



Absolute Maximum Ratings ^ 

Ambient Temperature Under Bias -10°C to 80°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground .... -0.3V to Vcc +0.3V 

iVIaximum Power Supply Voltage +7.0V 

Power Dissipation 1 Watt 

D. C. and Operating Characteristics 



*COMMENT: 

Stresses above those fisted under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specif ication is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



Ta = 0°C to 70° C, Vcc = 5V ±5% un 


less otherwise specified. 










Symbol 


Parameter 


5101 (Except 5101-8) 

and 5101L Family 

Lknits 

MIn. TypJH Max. 


5101-8 Limits 
Min. Typ.ni 


Max. 


Units 


Test Conditions 


Iul2l 


Input Current 


5 


5 


nA 




|lL0|f21 


Output Leakage 
Current 


1 


2 


AiA 


CE1 = 2.2V, 
VoUT = Oto Vcc 


Icci 


Operating Current 


9 22 


11 


25 


mA 


V|N = Vcc, Except 
CE1 < 0.65V, 
Outputs Open 


ICC2 


Operating Current 


13 27 


15 


30 


mA 


V,N = 2.2V, Except 
CEK 0.65V, 
Outputs Open 


1 ecu [21 


5101 and 5101-1 
Standby Current 


15 


. 


/iA 


CE2<0.2V, 
Vcc = 5V ±5% 


ICCL2[2I 


5101-3 Standby 
Current 


1 200 




iuA 


CE2<0.2V, 
Vcc = 5V ±5% 


'CCL3'21 


5101-8 Standby 
Current 




10 


50 


MA 


CE2<0.2V, 
Vcc = 5V ±5%, 
Ta = 25°C 


ICCL4'21 


5101-8 Standby 
Current 




500 


MA 


CE2<0.2V, 

Vcc = 5V ±5%, 
Ta = 70°C 


V|L 


Input Low Voltage 


-0.3 0.65 


-0.3 


0.65 


V 




V|H 


Input High Voltage 


2.2 Vcc 


2.2 


Vcc 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


V 


l0L = 2.0mA 


VOH 


Output High Voltage 


2.4 


2.4 


V 


loH = 1.0nriA 



Low Vqq Data Retention Characteristics (For 5101 L, 5101 L-1 , and 5101 L-3) Ta= 0°C to 70°C 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


Vdr 


Vcc for Data Retention 


2.0 






V 


CE2<0.2V 




'CCDRI 


5101 Lor 5101 L-1 
Data Retention Current 




0.14 


15 


ma 


Vdr = 2.0V 


ICCDR2 


5101 L-3 Data Retention 
Current 




0.7 


200 


ma 


Vdr = 2.0V 


tCDR 


Chip Deselect to Data Retention 
Time 









ns 




tR 


Operation Recovery Time 


tRcf^^ 






ns 







NOTES: 1. Typical values are Ta = 25°C and nominal supply voltage. 2. Current through all inputs and outputs included In IcCL 
measurement. 3. tpc " Read Cycle Time. 
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5101, 5101L FAMILY 



Low Vec Data Retention Waveform 



SUPPLY — 

VOLTAGE (Vcc) 



(D 



CHIP ENABLE (CE2) 



DATA RETE NTION . 






® 



(l) 


4.75V 


(2) 


Vdr 


(3) 


V|H 


(5) 


0.2V 



Typical IccDR Vs. Temperature 





Vcc-5V 






,/^ 




CE 2 = 0.2V 






/ 










/ 






V|N - 2V 






/ 






Ta - 25°C 


/^ 


/ 


' 




/ 


/ 


r 











I 



10 20 30 40 50 60 
TEMPERATURE (°C) 



A.C. Characteristics 

READ CYCLE 



Ta = 0°C to 70 C, Vcc ~ 5V ±5%, unless otherwise specified. 



Symbol 


Parameter 


5101-1, 5101L-1 

Limits (ns) 
Min. Max. 


5101,5101-3, 

5101L and 5101 L-3 

Limits (ns) 

Min. Max. 


5101-8 

Limits (ns) 

Min. Max. 


tRC 


Read Cycle 


450 


650 


800 


tA 


Access Time 


450 


650 


800 


tcoi 


Chip Enable (CEl) to Output 


400 


• 600 


800 


too 2 


Chip Enable (CE 2) to Output 


500 


700 


850 


tOD 


Output Disable to Output 


250 


350 


450 


tDF 


Data Output to High Z State 


130 


150 


200 


tOH1 


Previous Read Data Valid with 
Respect to Address Change 











tOH2 


Previous Read Data Valid with 
Respect to Chip Enable 












WRITE CYCLE 



two 


Write Cycle 


450 


650 


800 


^AW 


Write Delay 


130 


150 


200 


tcwi 


Chip Enable (CEl) to Write 


350 


550 


650 


tCW2 


Chip Enable (CE 2) to Write 


350 


550 


650 


tow 


Data Setup 


250 


400 


450 




tDH 


Data Hold 


50 


100 


100 


tWP 


Write Pulse 


250 


400 


450 


tWR 


Write Recovery 


50 


50 


100 


tDS 


Output Disable Setup 


130 


150 


200 



A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl ^ lOOpF 



J21 



Capacitance ta - 25°c. f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ. 


Max. 


C|N 


Input Capacitance 

(All Input Pins) V|n = OV 


4 


8 


Cqut 


Output Capacitance Vqut "" OV 


8 


12 
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5101, 5101L FAMILY 



I 



Waveforms 



READ CYCLE 



WRITE CYCLE 



(COMMON I/O) '31 






.»c 




ADDRESS N^ 




t 






« 










v_ 






r 




CTl 


\ 
















-J 


t„,.,. 


\ 






■ 










CD 
(COMMON I/O) "' > 


'ds 

> 




'dh 


t — 

S 




DATA 
IN 


\/ DATA IN 
\ STABLE 


) 












— 


— 


vv 




„ t^^R ► 




R W 




\ 

s 






-^' 







NOTES: 1. Typical values are for T/^ = 25'' C and nominal supply voltage. 

2. This paranneter is periodically sampled and is not 100% tested. 

3. OD may be tied low for separate I/O operation. 

4. During the write cycle, OD is "high" for common I/O and 
"don't care" for separate I/O operation. 
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READ ONLY MEMORIES 



3 











MOS ROM AND PROM FAMILY 





Type 


No Of 
Bits 


Organization 


Output[1] 


I\1aximum 

Access 

(ns) 


Maximum Power 

Dissipation 

(mW) 


Operating 
Temperature Range 

rc) 


Power 

Suppiy 

(V) 


Page 
No. 


UJ 

OO 

0) 


1302 


2048 


256x8 


T.S. 


1 us 


885 


0to70 


5V ± 5% 
-9V ± 5% 


3-5 


2308 


8192 


1024x8 


T.S. 


450 


775 


0to70 


5V±5% 
12V ±5% 
-5V ± 5% 


3-16 


2316A 


16384 


2048 x8 


T.S. 


850 


515 


0to70 


5V ± 5% 


3-20 


zo. 

Oo 
(0 


1702A 


2048 


256x8 


T.S. 


1 us 


885 


0to70 


5V ± 5% 
-9V ± 5% 


3-9 


1702AL 


2048 


256x8 


T.S. 


1 us 


221 


0to70 


5V ± 5% 
-9V ± 5% 


3-13 


1702A-2 


2048 


256x8 


T.S. 


650 


959 


0to70 


5V ± 5% 
-9V ± 5% 


3-9 


1702AL-2 


2048 


256x8 


T.S. 


650 


221 


Oto 70 


5V ± 5% 
-9V ± 5% 


3-13 


1702A-6 


2048 


256x8 


T.S. 


1.5 us 


885 


0to70 


5V ± 5% 
-9V ± 5% 


3-9 


2704 


4096 


512x8 


T.S. 


450 


800 


Oto 70 


5V ± 5% 
12V ±5% 
-5V + 5% 


3-23 


2708 


8192 


1024 X 8 


T.S. 


450 


800 


Oto 70 


5V ± 5% 
12V ±5% 
-5V ± 5% 


3-23 



Note 1: O.C. and T.S. are open collector and three-state output respectively. 



ROM and PROM Programming Instructions 
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BIPOLAR ROM AND PROM FAMILY 





Type 


No. Of 
Bits 


Organization 


Output [1] 


Maximum 

Access 

(ns) 


Maximum Power 

Dissipation [2] 

(mW) 


Operating 
Temperature Range 


Power 

Supply 

(V) 


Page 
No. 


o 
cc 

< 

-J 

o 

Q. 
OQ 

>■ 

H 
h- 
O 

z 
o 

CO 


3301 A 


1024 


256x4 


o.c. 


45 


657 


0to75 


5V + 5% 


3-26 


M3301A 


1024 


256x4 


o.c. 


60 


657 


-55 to 125 


5V ± 5% 


3-29 


3302A 


2048 


512x4 


o.c. 


70 


735 


0to75 


5V ± 5% 


3-31 


3302A-4 


2048 


512 X 4 


o.c. 


90 


735 


Oto 75 


5V ± 5% 


3-31 


3302AL6 


2048 


512x4 


O.c. 


90 


580/240 


0to75 


5V ± 5% 


3-31 


3322A 


2048 


512x4 


T.S. 


70 


735 


Oto 75 


5V ± 5% 


3-31 


3322A-4 


2048 


512 X 4 


T.S. 


90 


735 


Oto 75 


5V ± 5% 


3-31 


3322AL6 


2048 


512x4 


T.S. 


90 


580/240 


Oto 75 


5V ± 5% 


3-31 


3304A 


4096 


512x8 


O.C. 


70 


998 


Oto 75 


5V ± 5% 


3-34 


3304A-4 


4096 


512x8 


O.C. 


90 


998 


Oto 75 


5V ± 5% 


3-34 


3304AL6 


4096 


512x8 


O.C. 


90 


735/240 


Oto 75 


5V ± 5% 


3-34 


3324A 


4096 


512x8 


T.S. 


70 


998 


Oto 75 


5V ± 5% 


3-34 


3324A-4 


4096 


512x8 


T.S. 


90 


998 


Oto 75 


5V ± 5% 


3-34 


(A 

1 

cc 

Q. 
CC 

2 

OQ 

>- 

O 

X 

o 

(0 


3601 


1024 


256x4 


O.C. 


70 


685 


Oto 75 


5V ± 5% 


3-37 


3601-1 


1024 


256x4 


O.C. 


50 


685 


Oto 75 


5V ± 5% 


3-37 


M3601 


1024 


256x4 


OC. 


90 


685 


-55 to 125 


5V ± 5% 


3-41 


3621 


1024 


256x4 


T.S. 


70 


685 


Oto 75 


5V ± 5% 


3-37 


3621-1 


1024 


256x4 


T.S. 


50 


685 


Oto 75 


5V ± 5% 


3-37 


3602 


2048 


512x4 


O.C. 


70 


735 


Oto 75 


5V ± 5% 


3-43 


3602-4 


2048 


512x4 


OO 


90 


735 


Oto 75 


5V ± 5% 


3-43 


3602L-6 


2048 


512 X 4 


O.C. 


90 


580/240 


Oto 75 


5V ± 5% 


3-43 


3622 


2048 


512 X 4 


T.S. 


70 


735 


to 75 


5V ± 5% 


3-43 


3622-4 


2048 


512 X 4 


T.S. 


90 


735 


Oto 75 


5V ± 5% 


3-43 


3622L-6 


2048 


512x4 


T.S. 


90 


580/240 


Oto 75 


5V ± 5% 


3-43 


3604 


4096 


512 X 8 


O.C. 


70 


998 


Oto 75 


5V ± 5% 


3-46 


3604-4 


4096 


512x8 


O.C. 


90 


998 


Oto 75 


5V ± 5% 


3-46 


3604L-6 


4096 


512x8 


O.C. 


90 


735/240 


Oto 75 


5V ± 5% 


3-46 


3624 


4096 


512 X 8 


T.S. 


70 


998 


Oto 75 


5V ± 5% 


3-46 


3624-4 


4096 


512 X 8 


T.S. 


90 


998 


Oto 75 


5V ± 5% 


3-46 


M3604 


4096 


512 X 8 


O.C. 


90 


1045 


-55 to 125 


5V + 10% 


3-49 


M3604-6 


4096 


512x8 


O.C. 


120 


770/250 


-30 to 125 


5V ± 5% 


3-49 


3605 


4096 


1024x4 


O.C. 


50 


787 


Oto 75 


5V ± 5% 


3-52 


3605-1 


4096 


1024x4 


O.C. 


70 


787 


Oto 75 


5V ±5% 


3-52 


M3624 


4096 


512x8 


T.S. 


90 


1045 


-55 to 125 


5V ± 10% 


3-49 


3625. 


4096 


1024 X 4 


T.S. 


70 


787 


Oto 75 


5V ± 5% 


3-52 


3625-1 


4096 


1024x4 


T.S. 


50 


787 


Oto 75 


5V ± 5% 


3-52 



Note 1: 
Note 2: 



O.C. and T.S. are open collector and three-state output respectively. 
The "L" series devices have a low power dissipation option. 



ROM and PROM Programming Instructions 
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BIPOLAR PROM CROSS REFERENCE 









Intel Part Number | 


Part 


Prefix and 




Direct 


For New 


Number 


Manufacturer 


Organization 


Replacement 


Designsli] 


1024-5 


HPROM-Harris 


256x4 


3621 




1024A-2 


HPROM-Harris 


256x4 


M3601 




1024A-5 


HPROM-Harris 


256x4 


3601 




27S10C 


AMD 


256x4 


3601 




27S10M 


AMD 


256x4 


M3601 




27S11C 


AMD 


256x4 


3621 




27S11M 


AMD 


256x4 


M3621 




5300 


MMI 


256x4 


M3601 




5300-1 


MMI 


256x4 


M3601 




5340 


MMI 


512x8 


M3604 




5341-1 


MMI 


512x8 


M3624 




54S387 


SN-TI 


256x4 


M3601 




54S387 


DM-National 


256x4 


M3601 




5603AC 


IM-lntersil 


256x4 


3601 




5603AM 


IM -Intersil 


256x4 


M3601 




5604C 


IM-lntersil 


512x4 


3602 




5605C 


IM-lntersil 


512x8 


3604 




5623C 


IM-lntersil 


256 X 4 . 


3621 




5624C 


IM-lntersil 


512x4 


3622 




5625C 


IM-lntersil 


512x8 


3624 




6300 


MMI 


256x4 


3601 




6300-1 


MMI 


256x4 


3601-1 




6301 


MMI 


256x4 


3621 




6301-1 


MMI 


256x4 


3621 




6305 


MMI 


512x4 


3602 




6305-1 


MMI 


512x4 


3602 




6306 


MMI 


512x4 


3622 




6306-1 


MMI 


512x4 


3622 




6340 


MMI 


512x8 


3604 




6341-1 


MMI 


512x8 


3624 




6350 * 


MMI 


1024 x 4 




3605 


6351 


MMI 


1024 x 4 




3625 









Intel Part Number | 


Part 


Prefix and 




Direct 


For New 


Number 


Manufacturer 


Organization 


Replacement 


Designsdl 


74S287 


SN-TI 


256x4 


3621-1 




74S287 


DM-National 


256x4 


3621-1 




74S387 


SN-TI 


256x4 


3601-1 




74S387 


DM-National 


256x4 


3601-1 




7573 


DM-National 


256x4 


M3601 




7610-2 


HM- Harris 


256x4 




M3601 


7610-5 


HM-Harris 


256x4 


3601-1 




7611-5 


HM-Harris 


256x4 


3621-1 




7620-5 


HM-Harris 


512x4 


3602 




7621-5 


HM-Harris 


512x4 


3622 




7640-2 


HM-Harris 


512x8 




M3604 


7640-5 


HM-Harris 


512x8 


3604 




7641-2 


HM-Harris 


512x8 




M3624 


7641-5 


HM-Harris 


512x8 


3624 




7642-5 


HM-Harris 


1024 X 4 


3605 




7643-5 


HM-Harris 


1024 X 4 


3625 




82S115 


N-Signetics 


512x8 




3624 


82S115 


S-Signetics 


512x8 


M3624 




82S126 


N-Signetics 


256x4 


3601-1 




82S126 


S-Signetics 


256 X 4 




M3601 


82S129 


N-Signetics 


256x4 


3621-1 




82S130 


N-Slgnetics 


512x4 




3602 


82S131 


N-Signetcis 


512x4 




3622 


8573 


DM-National 


256x4 


3601 




8574 


DM-National 


256x4 


3621 




93416C 


Fairchild 


256x4 


3601 




9341 6M 


Fairchild 


256x4 




M3601 


93426C 


Fairchild 


256x4 


3621 




93436C 


Fairchild 


512x4 




3602 


93438C 


Fairchild 


512x8 




3604 


93438M 


Fairchild 


512x8 




M3604 


93446C 


Fairchild 


512x4 




3622 


93448C 


Fairchild 


512x8 




3624 


93448M 


Fairchild 


512x8 




M3624 



Note 1. The Intel® PROMs have the same pin configuration and 

differ only in access time from the PROMs in the first column. 
The exceptions are the 6350, 6351 and 82S1 15 which have 
different pin configurations. 
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Intel 



1302 



2048 BIT MASK PROGRAMMABLE 
READ ONLY MEMORY 



- Fully Decoded, 256x8 
Organization 

■ Inputs and Outputs DTL and 
TTL Compatible 

■ Three-state Output ~ 
OR-tie Capability 



Static MOS -- No Clocks 

Required 

Simple Memory Expansion ~ 

Chip Select Input Lead 

24-pin Dual-ln-Line Hermetically 
Sealed Ceramic Package 



i 



The Interi302 is a fully decoded 256 word by 8-bit metal mask ROM. It is ideal for large volume production 
runs of systems initially using the 1702A erasable and electrically programmable ROM. The 1302 has the same 
pinning as the 1 602 A/1 702 A. 

The 1302 is entirely static — no clocks are required. Inputs and outputs of the 1302 are DTL and TTL compat- 
ible. The output is three-state for OR-tie capability. A separate chip select input allows easy memory expansion. 
The 1302 is packaged in a 24 pin dual-in-line hermetically sealed ceramic package. 

The 1302 is fabricated with p-channel silicon gate technology. This low threshold allows the design and produc- 
tion of higher performance MOS circuits and provides a higher functional density on a monolithic chip than 
conventional MOS technologies. 



PIN CONFIGURATION 



A2 — 


1 


^^'^ 


24 


A, 


2 




23 


Ao — 


3 




22 


DATA OUT 1 


4 (LSB) 




21 


DATA OUT 2 


5 




20 


DATA OUT 3 — 


6 


1302 


19 


DATA OUT 4 — 


7 




18 


DATA OUT 5 — 


8 




17 


DATA OUT 6 — 


9 




16 


DATA OUT 7 


10 




15 


DATA OUT 8 — 


11 (MSB) 




14 


Vcc — 


12 




13 



PIN NAMES 



BLOCK DIAGRAM 



A0-A7 


Address Inputs 


cs 


Chip Select Input 


•^OUTI'^OUTS 


Data Outputs 



DATA OUT 1 



DATA OUT 8 



OUTPUT 
BUFFERS 



2048 BIT 

ROM MATRIX 

(256 X 8) 



INPUT 
DRIVERS 



Ao Ai 



T 

A7 



NOTE: LOGIC 1 AT INPUT AND OUTPUT IS 
A HIGH AND LOGIC IS LOW. 
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1302 



Absolute Maximum Ratings'' 

Ambient Temperature Under Bias 0°C to +70°C 

Storage Temperature -65°C to +125°C 

Soldering Temperature of Leads (10 sec) +300°C 

Power Dissipation 2 Watts 

input Voltages and Supply 

Voltages with respect to Vcc +0.5V to -20V 



*COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 



READ OPERATION 

D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vcc = +5V±5%, Vdd= -9V±5%, Vgg = -9V±5%, unless otherwise noted. 



SYMBOL 


TEST 


MIN. TYP.<2) MAX. 


UNIT 


CONDITIONS 


'l. 


Address and Chip Select 
Input Load Current 


1 


ma 


v,N=o.ov 


'lo 


Output Leakage Current 


1 


pA 


VouT = 0.0V,CS = Vcc-2 


'ddo 


Power Supply Current 


5 10 


mA 


Vgg=Vcc.CS=Vcc-2 
loL= 0.0mA, Ta=25°C 


'ddi 


Power Supply Current 


35 50 


mA 


CS=Vcc-2 1 
loL=O.OmA,TA =25°C 


Continuous 
Operation 


'dD2 


Power Supply Current 


32 46 


mA 


CS=0.0 
loL=O.OmA,TA =25°C 


'dD3 


Power Supply Current 


38.5 60 


mA 


CS=Vcc -2 

Iql =O.OmA , T^ = 0°C 


ICP1 


Output Clamp Current 


8 14 


mA 


Vout=-i-ov.Ta = ooc 


ICF2 


Output Clamp Current 


13 


mA 


VouT = -1-0V,T^ = 25°C J 


'gg 


Gate Supply Current 


1 


ma 




V,L1 


Input Low Voltage for 
TTL Interface 


-1.0 0.65 


V 




V|L2 


Input Low Voltage for 
MOS Interface 


Vdd Vcc -6 


V 




V,H 


Address and Chip Select 
Input High Voltage 


Vcc-2 Vcc +0.3 


V 




'OL 


Output Sink Current 


1.6 4 


mA 


VouT = 0-45V 


'oH 


Output Source Current 


-2.0 


mA 


VouT = 0-OV 


Vol 


Output Low Voltage 


-.7 0.45 


V 


'OL = ''•6'^A 


VoH 


Output High Voltage 


3.5 4.5 


V 


Ioh = -ioomA 



Note 1. VqG "^^V be clocked to reduce power 
Note 2. Typical values are at nominal voltages 



dissipation. In this mode average \qq increases in proportion to Vqq duty cycle, 
and Ta = 250c. 
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A.C. Characteristics 

T. = 0° C to +70°C, Vcc = +5V ±5%, Vp,, 



-9V ±5%, VgQ = -9V ±5% unless otherwise noted 



SYMBOL 


TEST 


MINIMUM 


TYPICAL 


MAXIMUM 


UNIT 


Freq. 


Repetition Rate 






1 


MHz 


^GH 


Previous read data valid 






100 


ns 


^ACC 


Address to output delay 




.700 


1 


MS 


^DVGG 


Clocked \/qq set up 


1 






MS 


tcs 


Chip select delay 






200 


ns 


tec 


Output delay from CS 






500 


ns 


^OD 


Output deselect 






300 


ns 


^OHC 


Data out hold in clocked \/qq mode (Note 1) 






5 


/IS 



Note 1. The output will remain valid for tQHC ^^ '^"9 ^^ clocked Vqg '^ ^^ ^CC> ^^ address change may occur as soon as the output is sensed 
(clocked Vgg i^QV S'^i" ^^ ^^ ^CC^* l^^ta becomes invalid for the old address when clocked Vqg is returned to Vgg* 



Capacitance "" t, =25°c 



SYMBOL 


TEST 


MINIMUM 


TYPICAL 


MAXIMUM 


UNIT 


CONDITIONS 


^IN 


Input Capacitance 




5 


10 


PF 


Mn= Vcc " 

VOUT =Vcc 
Vgg = Vcc 


All 

unused pins 
are at A. C. 
ground 


^OUT 


Output Capacitance 




5 


10 


PF 


^Vgg 


Vqq Capacitance 
(Clocked Vqg Mode) 






30 


pF 



*This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 

Conditions of Test: 

Input pulse amplitudes: to 4V; tp , tp <50 ns 
Output load is 1 TTL gate; measurements made 
at output of TTL gate (tpp<15 ns) 

A) Constant V^- Operation 



GG 

CYCLE TIME = 1/FREQ - 



V|H -V r- 

)DRESS Y| 



X 



\ 



DATA OUT 
INVALID 



X^fZ 



)DRESS X 



DATA OUT 
INVALID 

DESELECTION OF DATA OUTPUT IN OR-TIE OPERATION 



X 



-e^- 



vy 



B) Clocked V-p Operation 



-CYCLE TIME = 



.ESS V^ 



X 



CS V |- ^0"« ^ 

V,L ) 1 

A' ' / \ 

CLOCKED \l I /I \ 

Vgg \i /i \ 

v.. |>| / I (SEE NOTE'1) V. 



DATA OUT 
INVALID 



\l 1/ Ofi 



DATA OUT 
VALID 



RESS Y 



DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 



7 



"A i ' r 

r \i 7 

Vgg >) ^l^_ 

VoH — I y I 

\ OUT I Y 



r 



NOTE 1 : The output will romain valid for tQ^c 3* 'o"9 ^s clocked Vqq 
is at Vcc- An address change may occur as soon as the output is sensed 
(clocked V(3G may still bo at Vqq). Data beconnes invalid for the old 
address when clocked Vqq '* returned to Vqq. 

NOTE 2: If CS makes a transition from V|l to V|n while clocked Vqq 
is at Vqq, then deselection of output occurs at tQD ^* shown in static 
operation with constant ^/qq. 



3-7 



Typical Characteristics 



1302 



l[)D CURRENT VS. TEMPERATURE 



i 



Vcc ■ *5V 

V0D--9V 
'Vgg--9V 
' INPUTS - Vcc 
' OUTPUTS ARE OPEN 



»CS»Vcc 



ACCESS TIME VS. 
LOAD CAPACITANCE 



800 


































- 






— 


600 
500 
400 
300 








































































Vcc =+5V 














Vdd = -9V 




100 
n 












Vqg - -9V - 
T^ - 25°C 


— 














L_ 


L_ 


L_ 



20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (pF) 



OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 




AMBIENT TEMPERATURE I^C) 



OUTPUT VOLTAGE (VOLTSI 



ACCESS TIME VS. 
TEMPERATURE 



output current vs. 
Vdd supply voltage 



OUTPUT CURRENT VS. 
TEMPERATURE 





























— 




!■— 














"** 






























































Vcc ■♦sv 












Vqo - -9V 












Vqg 


" ~ 


9V 



























10 20 30 40 50 60 70 
AMBIENT TEMPERATURE (OC) 



< 3 


r— ~t 

Vcc 
- Vgg 

Vol 

_ Ta 


= +5V 

- -9V 
• +.4E 

- 25° 












i 


/ 














/ 
















Spec. 
Oper 


fied 
ting Ra 


ige . 




~. 








_o 

i; 

c 

X 

=! 


<< 


















1 
5 -6 -7 - 
, SUPPLY VOLTAGE ( 


t/) 




9 


- 







1 

Vcc -^sv 

Vgg - -9V - 

Vqh = oov 

Ta = 25°C 












u 
L.5 


















Vj 
















E 































r— 








Vcc-*5V 






\ 










VdD--9V 








\ 


s 






VGG--9V 










s 


s. 






"OL 













S-o.ov^ 
































i 


I 1 1 1 1 1 1 1 1 1 1 
f 10 20 30 40 50 60 70 80 90 f 




AMBIENT TEMPERATURE ("O 

1 1 1 1 1 1 








1 
Vcc"-5V 


















Vdo"-9V 


















Vgg"-9V 


















VoH" oov 


















— 




— 


-^ 




cS - o.ov 







AVERAGE CURRENT VS. DUTY 
CYCLE FOR CLOCKED Vqg 



40 
loot 35 

1 30 

_8 25 

% 20 

i " 

10 

■OOO 5 










-'■- 


'1 


' 


... 


... 






















— 










CLOCKED Vqq ' -9V 

Vdd --9^ 

C§ -V,H 


















































h^ 




^ 








■""a " 2^° 


C 












^ 


^ 


' 






























^ 


-^ 






























^ 


^ 
































^ 
































^ 


^^ 


^ 


























































^ 


_J 

















DUTY CYCLE <%) 



J-a 



int^r 1702A 

2K (256 X 8) UV ERASABLE PROM 



1702A-2 


0.65 us Max. 


1702A 


1.0 us Max. 


1702A-6 


1.5 us Max. 



Fast Access Time: Max. 650 ns 

(1702A-2) 

Fast Programming: 2 IVIinutes 

for all 2048 Bits 

All 2048 Bits Guaranteed^ 

Programmable: 100% Factory 

Tested 



Static MOS: No Clocks Required 
Inputs and Outputs DTL and 
TTL Compatible 
Three-State Output: OR-tie 
Capability 



The 1702A is a 256 word by 8-bit electrically programmable ROM ideally suited for uses where fast turn- 
around and pattern experimentation are important. The 1702A undergoes complete programming and function- 
al testing prior to shipment, thus insuring 100% programmability. 

Initially all 2048 bits of the 1702A are in the "0" state (output low). Information is introduced by selectively 
programming "V's (output high) in the proper bit location. The 1702A is packaged in a 24 pin dual in-line 
package with a transparent lid. The transparent lid allows the user to expose the 1702A to ultraviolet light to 
erase the bit pattern. A new pattern can then be written into the device. 

The circuitry of the 1702A is completely static. No clocks are required. Access times from 650ns to LSjusare 
available. A 1702AL family is available (see 1702AL data sheets for specifications) for those systems requiring 
lower power dissipation than the 1702A. 

A pin-for-pin metal mask programmed ROM, the Intel 1302, is also available for large volume production runs 
of systems initially using the 1702A. 

The 1702A is fabricated with silicon gate technology. This low threshold technology allows the design and pro- 
duction of higher performance MOS circuits and provides a higher functional density on a monolithic chip than 
conventional MOS technologies. 

*lnters liability shall be limited to replacing any unit which fails to program as desired. 



PIN CONFIGURATION 



PIN NAMES 



•DATA OUT 1 
•DATA OUT 2 
•DATA OUT 3 
•DATA OUT 4 - 
•DATA OUT 5- 
•DATA OUT 6- 
•DATA OUT 7- 
•DATA OUT 8- 
Vcc- 



A0-A7 


Address Inputs 


cs 


Chip Select Input 


^OUT1~°OUT8 


Data Outputs 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 



•THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING 





1 1 


CS-*- 


OUTPUT 
BUFFERS 








PROGRAM -«- 


2048 BIT 

ROM MATRIX 

(256 X 8) 










DECODER 










INPUT 
DRIVERS 




t t-- 


--t 



NOTE: In the read mode a logic 1 at the address inputs 
and data outputs is a high and logic is a low. 
U.S. Patent No. 3660819 



■.Mi 
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1702A FAMILY 



PIN CONNECTIONS 

The external lead connections to the 1702A differ, depending on whether the device is being programmed or used in read mode 
(see following table). In the programming mode, the data inputs 1-8 are pins 4-1 1 respectively. The programming voltages and tim- 
ing are sfiown in the ROM and PROI\/l Programming instructions section, pages 3-57. 



^ .^^^^^ PIN 

MODE ^^^"■^■~— --^^^^ 


12 
(Vcc) 


13 
(Program) 


14 
(OS) 


15 

(Vbb) 


16 

(Vgg) 


22 

(Vcc) 


23 

(Vcc) 


24 
(Vdd) 


Read 


Vcc 


Vcc 


GND 


Vcc 


Vgg 


Vcc 


Vcc 


Vdd 


Programming 


GND 


Program Pulse 


GND 


Vbb 


Pulsed Vgg 


GND 


GND 


Pulsed Vdd 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias -10°Cto +80°C 

Storage Temperature -65°C to +125°C 

Soldering Temperature of Leads (10 sec) +300°C 

Power Dissipation 2 Watts 

Read Operation: Input Voltages and Supply 

Voltages with respect to Vqq .+0.5V to -20V 

Program Operation: Input Voltages and Supply 

Voltages with respect to Vqq —48V 



^COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 



D.C- and Operating Characteristics ta = o°c to 7o°c, vqc = +5v ±5%, vdd = -9v ±5%, vgg = -9v ±5%, 

PEy(\p OPERATION unless otherwise noted. 



Symbol 


Test 


1702A,1702A-6 Limits 
Min. Typ.nJ Max. 


1702A-2 Limits 
Min. Typ.tl] Max. 


Unit 


Conditions 


Ili 


Address and Chip Select 
Input Load Current 


1 


1 


AtA 


V|N = O.OV 


Ilo 


Output Leakage Current 


1 


1 


ixk 


VouT = o.ov,cs = v,H2; 


IDD1I1I 


Power Supply Current 




35 


50 




40 


60 


mA 


CS = V|H2JoL=0.0mA, 
Ta = 25°C, Continuous 


IdD2 


Power Supply Current 




32 


46 




37 


55 


mA 


CS = 0.0V.loL = 0.0mA, 
Ta = 25°C, Continuous 


'dD3 


Power Supply Current 




38 


60 




43 


65 


mA 


CS = V|H2 Jo L = 0.0mA, 
Ta = 0°C, Continuous 


'CFI 


Output Clamp Current 




8 


14 




7 


13 


mA 


VouT=-1-0V, 

Ta = 0°C, Continuous 


'CF2 


Output Clamp Current 




7 


13 




6 


12 


mA 


VouT = -1-0V, 

Ta = 25°C, Continuous 


'gg 


Gate Supply Current 


1 


1 


iuA 




V|L1 


Input Low Voltage 
forTTL Interface 


-1 




0.65 


-1 




0.65 


V 




V|L2 


Input Low Voltage 
for MOS Interface 


Vdd 




Vcc-6 


Vdd 




Vcc-6 


V 




V|H1 


Addr. Input High Voltage 


Vcc-2 




Vcc+0-3 


Vcc-2 




Vcc+0.3 


V 




V|H2 


ChipSel.lnputHighVolt. 


Vcc-2 




Vcc+0.3 


Vcc-1-5 




Vcc+0.3 


V 




lOL 


Output Sink Current 


1.6 


4 




1.6 


4 




mA 


VouT = 0.45V 


'oh 


Output Source Current 


-2.0 


-2.0 


mA 


VouT = o.ov 


Vol 


Output Low Voltage 




-3 


0.45 




-3 


0.45 


V 


l0L= l-OmA 


VOH 


Output High Voltage 


3.5 


4.5 




3.5 


4.5 




V 


loH = -200/zA 



Note 1 : Typical values are at nominal voltages and Ta = 25° C. 
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1702A FAMILY 



A.C. Characteristics 

T^ = 0° C to +70°C, V^c = +5V ±5%, V^^^ = -9V ±5%, V^q = -9V ±5% unless otherwise noted 


Symbol 


Test 


1702A 

Limits 

Min. Max. 


1702A-2 

Limits 

Min. Max. 


1702A-6 

Limits 

Min. Max. 


Unit 


Freq. 


Repetition Rate 


1 


1.6 


0.66 


MHz 


tQH 


Previous Read Data Valid 


0.1 


0.1 


0.1 


jUS 


tACC 


Address to Output Delay 


1 


0.65 


1.5 


MS 


tcs 


Chip Select Delay 


0.1 

\ 


0.3 


0.6 


MS 


^CO 


Output Delay From CS 


0.9 


0.35 


0.9 


MS 


too 


Output Deselect 


0.3 


0.3 


0.3 


MS 



Capacitance ' t^ = 25 °c 



SYMBOL 


TEST 


TYPICAL 


MAXIMUM 


UNIT 


CONDITIONS 


C.N 


Input Capacitance 


8 


15 


PF 


CS = Vcc 
Vqut = Vcc 
Vgg =Vcc_ 


All 

unused pins 


Cqut 


Output Capacitance 


10 


15 


pF 


are at A.C. 
ground 



*This parameter is periodically sampled and is not 100% tested. 



Switching Characteristics 

Conditions of Test: 

Input pulse amplitudes: to 4V; tp, , tp <50 ns 

Output load is 1 TTL gate; measurements made 

at output of TTL gate (tpD<15 ns), C|_= 15pF 



A) READ OPERATION 



- CYCLE TIME l/FREQ- 



)DRESS Y| 

/\ 90% 






TAOUT \ iJiiii 

'11 ^ lil 



B) DESELECTION OF DATA OUTPUT IN OR-TIE 
OPERATION 



3DRESS Y 



-e^- 



DATA OUT 



X 
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1702A FAMILY 



Typical Characteristics 



OUTPUT CURRENT vs. 
Vdd SUPPLY VOLTAGE 



OUTPUT CURRENT VS. 
TEMPERATURE 



i 



^cc 


= +5V 










^GG "" 

Vol = *-45v / 

T^ =, 25°C/ 


















/ 
















Spec 
Oper 


tied 


nge. , 


- 


^ 








f{ 




















1 1 
5 -6 -7 - 
3 SUPPLY VOLTAGE ( 


8 

J) 




9 


- 







1 
Vcc =^5V 
VgG = -9V - 
Vqh = O.OV 
T^ = 25°C 




























V 









































V 










1 — 

Vcc " +5V 






\ 










Vdd=-9V 








\ 


s 






Vgg=-9V 










\ 


s 




Vol 

1 


1 










cs = o.ov 


^^ 


- 








■ 






















i 1 1 1 1 t 1 1 1 1 1 i 
j 10 20 30 40 50 60 70 80 90 f 




AMBIENT TEMPERATURE ("C) 

1 1 1 1 1 1 








Vcc=-^5V 
















Vdd'-9V 
















Vgg=-9V 
















VoH= oov 

1 1 




















— - 


— 






is = o.ov 







OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 













1 










1 


12.0- 
10.0- 




Vcc 


= +5V 








z 


Vdd = -9v 
Vqg = -9V 






1 


Ta 


= 25°C 


/ 






i "•" 


cs = o.ov 


/ 








1 


y 


y 










_o 


^ 


/^ 












^ 













-2 -1 +1 +2 

OUTPUT VOLTAGE (VOLTS) 



IdD CURRENT VS. TEMPERATURE 











r'" 




1 1 1 1 1 1 1 




\ 












Vcc=-^5V 






s. 










VdD=-9V 




\ 


S 










VGG--9V 




V 


V 


\ 








INPUTS = Vpg 






\ 




\ 






OUTPUTS / 


XRE 


OPE 


N 








\ 




\ 
























\ 




N 


■s = 


Vcc 




















\ 




\ 
























\ 
























cs 


= o.pv^ 






































' 



























AMBIENT TEMPERATURE (°C) 



ACCESS TIME VS. 
LOAD CAPACITANCE 



900 

800 

700 

I 600 

1 500 

g 400 


























1 


02A 




























1 
V 


TTL LOAD 
,„ - +5V 














V 


DD = -9V 














V 


3G = -9V 








02A- 


? 


. 




V •"= ^ 


" 




o 300 


































100 











































10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (pF) 



ACCESS TIME VS. 
TEMPERATURE 



900 
800 


























17 


)2A 






L— 


1 — • 






^700 
Z 600 
H 500 
|400 
< 300 
200 
100 












TTLLO 
ycc=+5\ 
^DD = -9^ 
^GG = -9^ 


\D = 


20 p 


F 












1 
















f 










17 


)2A-5 






. 





































































10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE TO 
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int^l 1702AU1702AL2 

2K (256 X 8) UV ERASABLE LOW POWER PROM 



Part No. 


MAXIMUM 
ACCESS (MS) 


tDVGG (MS) 


1702AL 


1.0 


0.4 


1702AL-2 


0.65 


0.3 



Clocked Vgg Mode for Low 

Power Dissipation 

Fast Programming: 2 l\/linutes 

for all 2048 Bits 

All 2048 Bits Guaranteed'' 

Programmable: 100% Factory 

Tested 



■ 



Inputs and Outputs DTL and TTL 

Compatible 

Three-State Output: OR-tie 

Capability 



The 1702AL is a 256 word by 8 bit electrically programmable ROM and is the same chip as the industry standard 1702A. The 
programming and erasing specifications are identical to the 1702A. The 1702AL operates with the Vqg clocked to reduce the 
power dissipation. 

Initially all 2048 bits of the 1702AL are in the "0" state (output low). Information is introduced by selectively programming 
"r's (output high) in the proper bit location. The 1702AL is packaged in a 24 pin dual in-line package with a transparent lid. The 
transparent lid allows the user to expose the 1702AL to ultraviolet light to erase the bit pattern. A new pattern can then be 
written Into the device. 

The 1702AL is fabricated with silicon gate technology. This low threshold technology allows the design and production of high 
performance MOS circuits and provides a higher functional density on a monolithic chip than conventional MOS technologies. 

^Intel's liability shall be limited to replacing any unit which fails to program as desired. 



PIN CONFIGURATION 



Aj- 


1 ^ 


24 


Al- 


2 


23 


Ao- 


3 


22 


DATAOUT ^ - 


4 (LSB) 


21 


DATA OUT 2- 


5 


20 


•DATAOUT 3- 


6 


19 


DATAOUT 4- 


7 


18 


•DATAOUT 5 - 


8 


17 


•DATA OUT 6- 


9 


16 


•DATA OUT 7- 


10 


15 


•DATA OUT 8- 


11 (MSB) 


14 


Vcc- 


12 


13 



PIN NAMES 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 



A0-A7 


Address Inputs 


cs 


Chip Select Input 


^OUT1~^OUT8 


Data Outputs 



OUTPUT 
BUFFERS 



2048 BIT 

ROM MATRIX 

(256 X 8) 



TT 



T 



•THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING 



NOTE: In the read mode a logic 1 at the address inputs 
and data outputs is a high and logic is a low. 

U.S. Patent No. 3660819 
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1702AL,1702AL2 



PIN CONNECTIONS 

The external lead connections to the 1702AL differ, depending on whether the device is being programmed or used in read mode 
(see following table). In the programming mode, the data inputs 1-8 are pins 4-1 1 respectively. The programming voltagesand tim- 
ing are stiown in t/ie ROIVI and PROI\/l Programming Instructions section, pages 3-57. 



^ ""^^ — ^^^__^^ PIN 
MODE ^~"^^--— -.___ 


12 
(Vcc) 


13 
(Program) 


14 
(CS) 


15 
(Vbb) 


16 
(Vgg) 


22 
(Vcc) 


23 

(Vcc) 


24 
(Vdd) 


Read 


Vcc 


Vcc 


GND 


Vcc 


Clocked Vgg 


Vcc 


Vcc 


Vdd 


Programming 


GND 


Program Pulse 


GND 


Vbb 


Pulsed Vgg 


GND 


GND 


Pulsed Vdd 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias -10°Cto +80°C 

Storage Temperature -65 °C to +125°C 

Soldering Temperature of Leads (10 sec) . .- +300 °C 

Power Dissipation 2 Watts 

Read Operation: Input Voltages and Supply 

Voltages with respect to V^c +0.5V to -20V 

Program Operation: Input Voltages and Supply 

Voltages with respect to Vqq -48V 



^COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 



D.C. and Operating Characteristics 

READ OPERATION 


Ta = 0*C to 70*^0, Vcc = +5V ±5%, Vqd = 
unless otherwise noted. 


-9V ±5%, Vqg^^^ = -9V ±5%, 


Symbol 


Test 


Min. 


1702AL Limits 
Typ.f2] Max. 


1 
Min. 


I702AL-2 Limits 
Typ.[2l Max. 


Unit 


Conditions 


Ili 


Address and Chip Select 
Input Load Current 


1 


1 


M 


V|N = O.OV 


Ilo 


Output Leakage Current 


1 


1 


M 


VouT= 0.0V, CS= Vcc-2 


iDDOlt^^ 


Power Supply Current 




7 


10 




7 


10 


mA 


Ta=25°CcS=V,h,Vgg=Vcc. 


'dD02 


Power Supply Current 


15 


15 


mA 


Ta=0°C loL=O.OmA 


iDDltll 


Power Supply Current 




35 


50 




35 


50 


mA 


CS = Vcc-2,loL=0.0mA, 
Ta =25°C, Continuous 


IdD2 


Power Supply Current 




32 


46 




32 


46 


mA 


CS = O.OV,loL = O.OmA, 
Ta = 25°C, Continuous 


'dD3 


Power Supply Current 




38 


60 




38 


60 


mA 


CS = Vcc -2JoL= 0.0mA, 
Ta = 0°C, Continuous 


'CFI 


Output Clamp Current 




8 


14 




5.5 


8 


mA 


VouT = -10V, 

Ta = 0°C, Continuous 


'CF2 


Output Clamp Current 




7 


13 




5 


7 


mA 


VouT = -1.0V, 

Ta = 25°C, Continuous 


'gg 


Gate Supply Current 


1 


1 


M 




ViLI 


Input Low Voltage 
forTTL Interface 


-1 




0.65 


-1 




0.65 


V 




V|L2 


Input Low Voltage 
for M OS Interface 


Vdd 




Vcc-6 


Vdd 




Vcc-6 


V 




V|H 


Address and Chip Select 
Input High Voltage 


Vcc-2 




Vcc+0.3 


Vcc-2 




Vcc+0.3 


V 




lOL 


Output Sink Current 


1.6 


4 




1.6 


4 




mA 


VouT = 0.45 V 


lOH 


Output Source Current 


-2.0 


-2.0 


mA 


VouT = O.OV 


Vol 


Output Low Voltage 




-3 


0.45 




-3 


0.45 


V 


IOL=l-6mA 


VOH 


Output High Voltage 


3.5 


4.5 




3.5 


4.5 




V 


Iqh = -200iLtA 



NOTES: 1. The 1702AL Is operated with the Vqg clocl<ed to obtain low power dissipation. The average Idd will vary between Iddo a"d Iddi (at 
25° C) depending on the Vgg duty cycle (see curve opposite). 2. Typical values are at nominal voltage and Ta = 25° C. 
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1702AL,1702AL2 



Typical Characteristics 

AVERAGE CURRENT VS. DUTY 
CYCLE FOR CLOCKED Vqg 



1 1 1 1 1 1 1 1 1 

CLOCKED Vqq =-9V 


Vdd =-9V 

CS =V,j^ _ 


Ta =25°C y 


_______ 


T ^y 


^y" 


y^ 


7^" 





1000 






ACCESS TIME VS. 
TEMPERATURE 
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OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 



10 20 30 40 50 60 70 80 90 100 
DUTY CYCLE (%) 
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12.0- 
10.0- 




Vcc 


- +5V 








z 


VdD ■ -9V 1 
VgG ■ -9V 1 






cc 

5 


Ta 


- 25°C . 






i °"' 


CS - o.ov 
1 > 


/ 
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_c 
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/^ 
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10 20 30 40 50 60 70 80 
AMBIENT TEMPERATURE («»CI 



OUTPUT VOLTAGE (VOLTS) 



A.C- Characteristics Ta = 0°C to +70°a Vcc = +5V ±5%, Vdd = -9V ±5% unless otherwise noted 



Symbol 


Test 


1702AL 

Limits 

Min. Max. 


1702AL-2 

Limits 

Min. Max. 


Unit 


Freq. 


Repetition Rate 


1 


1.6 


MHz 


tACC 


Address to output delay 


1 


0.65 


MS 


^DVgg 


Clocked Vqg set up 


0.4 


0.3 


MS 


tcs 


Chip select delay 


0.1 


0.3 


MS 


tec 


Output delay from CS 


0.9 


0.35 


MS 


tOD 


Output deselect 


0.3 


0.3 


MS 


tOHC 


Data out hold in clocked Vgg mode 


5 


5 


MS 



Capacitance ta = 25°c 



SYMBOL 


TEST 


TYPICAL 


MAXIMUM 


UNIT 


CONDITIONS 


C,N 


Input Capacitance 


8 


15 


pF 


Mn= Vcc " 
CS = Vcc 

VquT -Vcc 

Vgg=Vcc_ 


All 


^OUT 


Output Capacitance 


10 


15 


pF 


unused pins 
~ arp at A C 


^Vgg 


Vqg Capacitance 
(NoteD 




30 


pF 


ground 



*This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 

Conditions of Test: 

Input pulse amplitudes: to 4V; tp, tp <50 ns 

Output load is 1 TTL gate; measurements made at output of TTL gate (tpo<15 ns), Cl = 15pF 
A. READ OPERATION B. DESELECTION OF DATA OUTPUT IN OR-TIE 

OPERATION 



y. 



-•-mm^ 



Vc( 
CLOCKED 

Vgg 

Vqc 

Vof 
DATA 
OUT 



\ 



■10% 
90% 



-ii- 



>: 



K\ 



-*DVGG— *• 



y. 



""^^Si 



CLOCKED 

Vgg 

Vr 



■■\. 



/ DATA VALID ) §g^p 



■*— bvGG —*' 

tcs 



DATA 
OUT 
Vn, 



3<: 



y 



MUML 



^K^tK VALID 



> 
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Intel ^^^^ 

8192 BIT STATIC MOS READ ONLY MEMORY 



i 



Fast Access Time: 450 ns 
Standard Power Supplies: 
+12V,±5V 

TTL Compatible: All Inputs 
and Outputs 

Programmable Chip Select 
Input for Easy Memory 
Expansion 



Three-State Output: OR-Tle 

Capability 

Fully Decoded: On Chip 

Address Decode 

Inputs Protected: All Inputs 

Have Protection Against Static 

Charge 

Pin Compatible to 2708 PROM 



The Intel 2308 Is a 8192 bit static MOS read only memory organized as 1024 words by 8-bits.This ROM L designed for 
memory applications where high performance, large bit storage, and simple interfacing are important design objectives. 

The inputs and outputs are TTL compatible. The chip select Input (CS2/CS2) is programmable. An active high or low level 
chip select input can be defined by the designer and the desired chip select logic level is fixed at Intel during the masking pro- 
cess. The programmable chip select input, as well as OR-tie compatibility on the outputs, facilitates easy memory expansion. 
The pin compatible UV erasable 2708 PROM is available for initial system prototyping. 

The 2308 read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with 
high performance, easy-to-use MOS circuits. 



PIN CONFIGURATION 








BLOCK DIAGRAM 






DATA OUTPUT 

1 












1 
















-1 


CS2 


r^ 


CHIP SELECT 
LOGIC 




OUTPUT BUFFERS 




















A„ 


Y 
DECODER 




Y GATING 




Ao 


" 




A? 




', 




A 






As 

Ar • 






X 
DECODER 


64 X 128 
ROM ARRAY 


Ao-Ag 




ADDRESS - 
INPUTS 






^A I 




K 




A^ 


' 




A^ : 




K 






















___ 






___ 


___ 






1 



PIN NAMES 



Ao-Ag 


ADDRESS INPUTS 


Ol-Og 


DATA OUTPUTS 


a, 


CHIP SELECT INPUT 


CS2/CS2I1I 


PROGRAMMABLE CHIP SELECT INPUT 



NOTE 1. The CS2/CS2 LOGIC LEVELS MUST BE SPECIFIED BY THE USER AS 
EITHER A LOGIC 1 (V|h ) OR LOGIC (V|l). A LOGIC SHOULD 
BE SPECIFIED IN ORDER TO BE COMPATIBLE WITH THE 2708. 
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2308 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias -25°C to +85°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin With Respect 

To Vbb -0-3V to 20V 

Power Dissipation 1.0 Watt 



D.C. and Operating Characteristics 



*COI\/IMENT 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condi- 
tions above those indicated in the operational sections of this speci- 
fication is not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 



Ta = 0°C to +70°C, Vcc = 5V ±5%; Vdd = 12V ±5%, Vge 


= -5V ±5%, Vss = OV L 


niess 0th 


erwise Specified. 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ.M] 


Max. 


Ili 


Input Load Current 

(All Input Pins Except CSi) 




1 


10 


/iA 


V|N = to 5.25V 


Ilcl 


Input Load Current on CS^ 






1.6 


mA 


V|N = 0.45V 


Ilpc 


Input Peak Load Current on CSi 






4 


mA 


0.8V < V|N < 3.3V 


'lkc 


Input Leakage Current on CSi 






10 


MA 


V,N = 3.3V to 5.25V 


Ilo 


Output Leakage Current 






10 


MA 


Chip Deselected 


V|L 


Input "Low" Voltage 


Vss-1 




' 0.8V 


V 




VlH 


Input "High" Voltage 


3.3 




Vcc+1.0 


V 




Vol 


Output "Low" Voltage 






0.45 


V 


Iql = 2mA 


V0H1 


Output "High" Voltage 


2.4 






V 


Iqh = -4mA 


V0H2 


Output "High" Voltage 


3.7 






V 


Iqh =-1mA 


Ice 


Power Supply Current Vcc 




0.8 


2 


mA 




Idd 


Power Supply Current Vpp 




32 


60 


mA 




'bb 


Power Supply Current Vbb 




0.01 


1 


mA 




Pd 


Power Dissipation 






775 


mW 





i 



NOTE 1 : Typical values for l/\ = 25° C and nominal supply voltage 



D.C. OUTPUT CHARACTERISTICS 



D.C. OUTPUT CHARACTERISTICS 



— 1 

t 


1 — 1 


i 1 

to7( 


'C 






/ 


















/ 


















/ 


' 












T 


YPIC 


AL , 


-' 


















/ 












^ 






/ 












> 






> 

/ 






^^ 


^ 


^\ 










f 


^ 


^ 


•^ 


\ 










-/ 


> 

















.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 
Vn, VOLTS 




2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 
VoH VOLTS 
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2308 



A.C. Characteristics 

Ta= 0°C to +70°C, Vcc = +5V ±5%; Vqd = +12V ±5%, Vbb = -5V ±5%, Vss = OV, Unless Otherwise Specified. 



Symbol 


Parameter 


Limits[2] 


Unit 


Typ. 


Max. 


Ucc 


Address to Output Delay Time 


200 


450 


ns 


tcoi 


Chip Select 1 to Output Delay Time 


85 


160 


ns 


tC02 


Chip Select 2 to Output Delay Time 


125 


220 


ns 


tDF 


Chip Deselect to Output Data Float Time 


125 


220 


ns 



NOTE 2: Refer to conditions of Test for A.C. Characteristics. Add 50 nanoseconds (worst case) to specified values at 
VoH = 3.7V @ Iqh = -1mA, Cl = lOOpF. 



CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Output Load 1 TTL Gate, and Clqad = 100pF 

Input Pulse Levels 65V to 3.3V 

Input Pulse Rise and Fall Times 20 nsec 

Timing Measurement Reference Level 

2.4V v,H, Voh; 0.8V V|L, Vol 



CAPACITANCE* Ta = 25°C, f = 1 MHz, Vbb = -5V, Vdd, 
Vcc 3nd all other pins tied to Vss- 



Symbol 


Test 


Limits 


Typ. 


Max. 


Qn 


Input Capacitance 




6pF 


Qdut 


Output Capacitance 




12pF 



*This parameter is periodically sampled and Is not 100% tested. 
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2308 

Typical Characteristics (Nominal supply voltages unless otherwise noted.) 



Idd vs. temperature 
(normalized) 



A OUTPUT CAPACITANCE 
VS. A OUTPUT DELAY 
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A CAPACITANCE (pF) 



CSi INPUT 
CHARACTERISTICS 
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iny 



231 6A 



16,384 BIT STATIC MOS READ ONLY MEMORY 



Single +5 Volts Power Supply 
Voltage 

Guaranteed 850ns Access Time 

Directly TTL Compatible— All 
Inputs and Outputs 

Three Programmable Chip 
Select Inputs for Easy Memory 
Expansion 



Three-State Output— OR-Tie 
Capability 

Fully Decoded— On Chip 
Address Decode 

Inputs Protected — All Inputs 
Have Protection Against Static 
Charge 



The Intel 2316A is a 16,384 bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is designed for 
memory applications where high performance, large bit storage, and simple interfacing are Important design objectives. 

The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The three chip select 
inputs are programmable. Any combination of active high or low level chip select inputs can be defined by the designer and 
the desired chip select logic level is fixed during the masking process. These three programmable chip select inputs, as well as 
OR-tie compatibility on the outputs, facilitates easy memory expansion. 

The 2316A read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer 
with high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all devices are directly TTL 
compatible. 



PIN CONFIGURATION 



BLOCK DIAGRAM 






PIN NAMES 


Aq- Aio 


ADDRESS INPUTS 


Oi-Oa 


DATA OUTPUTS 


csi-csa 


PROGRAMMABLE CHIP SELECT INPUTS 



0, O^ O3 0, O5 Oe 0, 0, 



m 



OUTPUT BUFFERS L J^^^ 

I I I I I I I VrT 



Y DECODER 1 OF 16 x 8 



♦ t t t t t t > 



16, 384 BIT 
CELL MATRIX 



CHIP 
SELECT 
PROG. 



En 



CHIP 

SELECT 

INPUT 

BUFFERS 



-CS,/CSi 



-CS2/CS2 



-CS3/CS3 
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2316A 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias -10°Cto80°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin With Respect 

To Ground -0.5V to +7V 

Power Dissipation 1.0 Watt 



^COMMENT: Stresses above, those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating 
conditi6ns for extended periods may affect device reliability. 



i 



D.C. and Operating Characteristics Ta = o°c to +7o°c, vcc = bv ±5% unless othe 



irwise specified 





PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 




SYMBOL 


MIN. 


TYP.<1» 


MAX. 




Ili 


Input Load Current 
(All Input Pins) 




1 


10 


ma 


V,N = to 5.25V 


'loh 


Output Leakage Current 






10 


ma 


CS = 2.2V, VouT = 4.0V 


•lol 


Output Leakage Current 






-20 


ma 


CS = 2.2V, VouT = 0-45V 




Ice 


Power Supply Current 




40 


98 


mA 


All inputs 5.25V Data Out Open 


V|L 


Input "Low" Voltage 


-0.5 




0.8 


V 




V|H 


Input "High" Voltage 


2.0 




Vcc+I.OV 


V 




Vol 


Output "Low" Voltage 






0.45 


V 


loL =2.0nnA 


VOH 


Output "High" Voltage 


2.2 






V 


Ioh = -ioomA 



(1) Typical values for T/\ = 25°C and nominal supply voltage. 

Typical D.C. Characteristics 

V|M LIMITS VS. TEMPERATURE 



STATIC Ice VS. AMBIENT TEMPERATURE 
WORST CASE 









FYPICAL 
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2316A 



A-C- Characteristics Ta = 0°C to +70°C, Vcc = +5V ±5% unless otherwise specified 




PARAMETER 


LIMITS 




SYMBOL 


MIN. 


TYP.<1> 


MAX. 


UNIT 


tA 


Address to Output Delay Time 




400 


850 


nS 


tco 


Chip Select to Output Enable Delay Time 






300 


nS 


tDF 


Chip Deselect to Output Data Float Delay Time 







300 


nS 



CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Output Load ... 1 TTL Gate, and Cload = 100 PF 

Input Pulse Levels 0.8 to 2.0V 

Input Pulse Rise and Fall Times .(10% to 90%) 20 nS 
Timing Measurement Reference Level 

Input 1.5V 

Output . 0.45V to 2.2V 

A.C. Waveforms 



CAPACITANCE<2) T^ = 25°C, f = 1 MHz 





TEST 


LIMITS 


SYMBOL 


TYP. 


MAX. 


C|N 


All Pins Except Pin Under 
TestTied to AC Ground 


4pF 


10 pF 


COUT 


All Pins Except Pin Under 
Test Tied to AC Ground 


8pF 


15 pF 



(2) This parameter is periodically sampled and is not 100% tested. 



PROGRAMMABLE 
CHIP SELECTS 




Typical A.C. Characteristics 



ACCESS TIME VS. AMBIENT 
TEMPERATURE 
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Intel 



2708, 2704 



8K AND 4K UV ERASABLE PROM 



• 2708 1024x8 Organization 

• 2704 512x8 Organization 



Fast Programming — 
Typ. 100 sec. For All 8K Bits 

Low Power During Programming 

Access Time — 450 ns Max. 

Standard Power Supplies — 
+ 12V, +5V, -5V 



Static — No Clocks Required 

Inputs and Outputs TTL 
Compatible During Both Read 
and Program Modes 

Three-State Output— OR-Tie 
Capability 



i 



The Intel 2708/2704 are high speed 8192/4096 bit erasable and electrically reprogrammable ROM's (EPROM) ideally suited 
where fast turn around and pattern experimentation are important requirements. 

The 2708/2704 are packaged In a 24 pin dual-In-line package with transparent lid. The transparent lid allows the user to ex- 
pose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be written Into the devices. 

A pin for pin mask programmed ROM, the Intel 2308, is available for large volume production runs of systems initially using 
the 2708. 

The 2708/2704 Is fabricated with the time proven N-channel silicon gate technology. 



PIN CONFIGURATIONS 




N0TE1. 2704: PIN 22 = Vss- 
2708: PIN22 = A9. 



PIN NAMES 



A0-A9 


ADDRESS INPUTS 


01-08 


DATA OUTPUTS 


CS/WE 


CHIP SELECT/WRITE ENABLE INPUT 



BLOCK DIAQRAM 



DATA OUTPUT 
Oi-Op 































1 
















1 


csm 




CHIP SELECT 
LOGIC 




OUTPUT BUFFERS 














A. 


Y 
DECODER 




Y GATING 




a" , 






^^^ 


I 




*^3 






X 
DECODER 


64 X 128 
ROM ARRAY 






ADDRESS - 
INPUTS 






























_ J 



PIN CONNECTION DURING READ OR PROGRAM 



MODE 


PIN NUMBER 


9-11,13-17 12 


18 


19 


20 


21 


24 


READ 
PROGRAM 


Din Vss 


Vss 
Pulsed 
ViHP 


Vdd 
Vdd 


V|L 
VlHW 


Vbb 
Vbb 


Vcc 
Vcc 
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i 



PROGRAMMING 

The programming specifications are in the ROM and PROM Programming instructions (see page 3-59). 

Absolute Maximum Ratings '' 

Temperature Under Bias -25°C to +85°C 

Storage Temperature -65°C to +125°C 

Vdd With Respect to Vbb +20V to -0.3V 

Vcc and Vss With Respect to Vbb ■ • +15V to -0.3V 

All Input or Output Voltages With Respect 

to Vbb During Read +15V to -0.3V 

CS/WE Input With Respect to Vbb 

During Programming +20V to -0.3V 

Program Input With Respect to Vbb +35V to -0 3V 

Power Dissipation , 1.5W 

READ OPERATION 

D.C. and Operating Characteristics 



♦COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This Is a stress rating only and functional operation 
of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not Implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



Ta = 0°C to 70°C, Vcc = +5V ±5%, Vdd = +12V ±5%, Ve 


B = -5V ±5%, Vss = 


= OV, Unless Otherwise Noted. 


Symbol 


Parameter 


Min. 


Typ.Il] 


Max. 


Unit 


Conditions 


•li 


Address and Chip Select Input Sink Current 




1 


10 


ma 


V,N = 5.25 V or V,n = V,l 


Ilo 


Output Leakage Current 




1 


10 


.A 


VouT = 5.25V, CS/WE = 5V 


lDDf2J 


Vdd Supply Current 




50 


65 


mA 


Worst Case Supply Currents: 


Iccf2] 


Vcc Supply Current 




6 


10 


mA 


All Inputs High 


lBBf2^ 


Vbb Supply Current 




30 


45 


mA 


CS/WE = 5V; Ta = 0°C 


V|L 


Input Low Voltage 


Vss 




0.65 


V 




V,H 


Input High Voltage 


3.0 




Vcc+1 


V 




Vol 


Output Low Voltage 


0.45 


V 


loL= 1.6mA 


VoHl 


Output High Voltage 


3.7 


V 


lOH = -100mA 


V0H2 


Output High Voltage 


2.4 


V 


Iqh =-1mA 


Pd 


Power Dissipation 


800 


mW 


Ta = 70°C 



NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltages. 

2. The total power dissipation of the 2704/2708 is specified at 800 mW. It is not calculable by summing the various currents 
^•dD' 'CC' 3nd Ibb) rnultlplied by their respective voltages since current paths exist between the various power supplies and 
Vss- The IdD' IcC' ^^^ IbB currents should be used to determine power supply capacity only. 



Typical D.C. Characteristics 



MAXIMUM JUNCTION TEMPERATURE 
VS. AMBIENT TEMPERATURE 



RANGE OF SUPPLY CURRENTS 
VS. TEMPERATURE 



OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 



Vgc - 5.25V 

Vdd - 12.6V 
Vbb ■ -5-25> 


/ ^^^ 


^ 


- 


^ 


















80 100 



1 

Vcc -4.75V 
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v^ 


Ta-O-C^ 
Ta-25-C^ 


\ / 
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/ 




A - '" ^ \ 
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' 
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T^rc) 



"■"a '"C) 
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A.C. Characteristics 

Ta = 0°C to 70°C, Vcc = +5V ±5%, Vpo = +12V ±5%, Vge = -5V ±5%, Vss = OV, Unless Otherwise Noted. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Ucc 


Address to Output Delay 




280 


450 


ns 


tco 


Chip Select to Output Delay 




60 


120 


ns 


tDF 


Chip De-Select to Output Float 







120 


ns 


tOH 


Address to Output Hold 









ns 



Capacitance^il Ta = 25°C, f = 


= 1MH 


z 






Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


Qn 


Input Capacitance 


4 


6 


pF 


V,N=OV 


Cqut 


Output Capacitance 


8 


12 


PF 


VoUT=OV 



Note 1. This parameter is periodically sampled and not 100% tested. 

A.C. Test Conditions: 

Output Load: 1 TTL gate and Cl = lOOpF 

Input Rise and Fall Times: <20ns 

Timing Measurement Reference Levels: 0.8V and 2.8\/ for inputs; 0.8V and 2.4V for outputs 

Input Pulse Levels: 0.65V to 3.0V 

Waveforms 



i 



DATA 
OUT 



DATA OUT INVALID 



H« ^co ^1 

^ACC »-| 



DATA OUT 
FLOATING 



Typical A.C. Characteristics 



ACCESS TIME VS. TEMPERATURE 



1TTL 


.OAD + 1O0 


pF 














^ 




. 


-^ 



























ACCESS TIME 
VS. LOAD CAPACITANCE 



Ta-2S 


"C 

















. 























Ta J^C) 



100 200 300 400 500 
Cl{pF) 
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iny 



3301A 



HIGH SPEED FULLY DECODED 
1024 BIT READ ONLY MEMORY 



' Fast Access Time -45 nsec 
Maximum over Temperature 
and Supply Voltage Variation. 

' Low Power Dissipation -- 
0.5 mW/bit typical. 

« DTL and TTL Compatible --Input 
Loading is .25 mA max. - 
Outputs sink 15 mA. 

' OR-Tie Capability -Open 
Collector Outputs 



- Simple Memory Expansion - 
2 Chip Select Input Leads. 

- Fully Decoded -on Chip Address 
Decode and Buffer. 

■ Minimum Line Reflection - Low 
Voltage Diode Input Clamp. 

- Standard Packaging -16 Pin Dual 
In-Line Lead Configuration. 



The 3301 A is a fully decoded 1024 bit read only memory organized as 256 words by 4 bits. It is a higher speed 
version of the 3301 and is a direct pin for pin replacement of the 3301. Its performance is specified over the 
complete ambient temperature range of 0°C to 75° C and a Vcc supply voltage range of 5V ± 5%. The 3301 A 
is programmed at the final step of processing which allows fast turnaround. 

The OR tie capability and the 2 chip select inputs of the 3301 A allow easy memory expansion into larger word 
and bit lengths. 

The 3301 A is mask programmed to customized patterns. Ideal applications are in microprogramming and table 
look up. 

The 3301A is manufactured using Schottky barrier diode clamped transistors which allows higher switching 
speeds than those devices made with conventional gold diffusion process. 



PIN CONFIGURATION 



ADDRESS INPUT 


As 


nz 


"■"""V 


■^ ,a 


ADDRESS INPUT 


As 


cz 




15 


ADDRESS INPUT 


A4 


cz 




14 


ADDRESS INPUT 


A3 


iz: 




13 


ADDRESS INPUT 
(LSB) 


Ao 


d 




12 


ADDRESS INPUT 


A, 


cz 




11 


ADDRESS INPUT 


A2 


d 




10 


GND 


cz 


8 


9 



Ay ADDRESS INPUT 
(MSB) 



CS, CHIPSELECT 2 



CS, CHIP SELECT 1 



O, DATA OUTPUT 
(LSB) 



O, DATA OUTPUT 



O, DATA OUTPUT 



O4 DATA OUTPUT 
(MSB) 



PIN NAMES 



LOGIC SYMBOL 



AQ-A7 ADDRESS INPUTS 
CS^-CS2 CHIP SELECT INPUTS 



O1-O4 DATA OUTPUTS 
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3301 A 



Absolute Maximum Ratings'^ 



Temperature Under Bias 
Storage Temperature 
Output or Supply Voltages 
All Input Voltages 
Output Currents 



-65°to+125°C 

-65°to+160°C 

-0.5V to 7 Volts 

-1.1 to 5.5V 

100mA 



^COMMENT 

Stresses above those listed under "Absolute 
Maximum Rating" may cause permanent dam- 
age to the device. This is a stress rating only 
and functional operation of the device at 
these or at any other condition above those 
indicated in the operational sections of this 
specification is not implied. 



D. C- Characteristics: AII Limits Apply for Vcc= +5.0V ±5%, T^= 0°C to +75°C 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN. TYP.<^> MAX. 


Ifa 


ADDRESS INPUT 
LOAD CURRENT 


-0.25 


mA 


Vcc= 5.25V, 
V^ = 0.45V 


Ifs 


CHIP SELECT INPUT 
LOAD CURRENT 


-0.25 


mA 


Vcc= 5.25V, 
Vs = 0.45V 


Ira 


ADDRESS INPUT 
LEAKAGE CURRENT 


40 


mA 


Vcc= 5.25V, 
Va = 5.25V 


Irs 


CHIP SELECT INPUT 
LEAKAGE CURRENT 


40 


/iA 


Vcc= 5.25V, 
Vg = 5.25V 


VcA 


ADDRESS INPUT 
CLAMP VOLTAGE 


-1.0 


V 


Vcc= 4.75V, 
Ia = -5.0mA 


Vcs 


CHIP SELECT INPUT 
CLAMP VOLTAGE 


-1.0 


V 


Vcc= 4.75V, 
Ig = -5.0mA 


V 


OUTPUT LOW 
VOLTAGE 


0.45 


V 


V^^= 4.75V, 
Iql = 15mA 


'cEX 


OUTPUT LEAKAGE 
CURRENT 


100 


mA 


Vcc= 5.25V, 
V,,= 5.25V 


•cc 


POWER SUPPLY 
CURRENT 


90 125 


mA 


Vcc= 5.25V, 

Vao^Va7 =0V 
Vso= Vs,= OV 


V.L 


INPUT "LOW- 
VOLTAGE 


0.85 


V 


Vcc= 5.0 V 


V.H 


INPUT "HIGH" 
VOLTAGE 


2.0 


V 


Vcc= 5.0V 



Note 1 : Typical values are at 25°C and at nominal voltage. 
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3301 A 

Switching Characteristics 

A. C- Characteristics Vcc = +5v ±5%, t^ = o°c to +75° c 



SYMBOL 


PARAMETER 


LIMIT 


UNIT 


CONDITIONS 


TYP.d) MAX. 




Address to 
Output Delay 


25 45 


ns 

■ 


Both C.S. lines must be at ground potential to activate 
the ROM. 


*S++'^S — 


Chip Select 

to Output Delay 


13 20 


ns 



NOTE 1: Typical values are at 25^0 and at nominal voltage. 

Capacitance'^' t^= 25° c 



SYMBOL 


PARAMETER 


LIMIT 


UNIT 


TEST CONDITIONS 


PLASTIC 
TYP. MAX. 


CERDIP 
TYP. MAX. 


^INA 


Address Input 
Capacitance 


5 8 


6 10 


pF 


Vcc = 5V 
Vina = 2.5V 


CjNS 


Chip Select 
Input Capacitance 


5 8 


5 10 


pF 


V|NS = 2.5V 


COUT 


Output Capacitance 


7 10 


8 12 


pF 


Vcc = 5V 
VouT = 2.5V 



NOTE 2: This parameter is only periodically sampled and is not 100% tested. 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading Is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 



15 mA TEST LOAD 



I 



30pF 



Vcc 



soon 



• 60012 



ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



OUTPUT 



OUTPUT 






1.5vV 



'A-+- 



\ 



1.5V 



-1.5V 



CHIP SELECT TO OUTPUT DELAY 



^"'^ 1 5V 

SELECT ^-^^ 

INPUT 



\ 



OUTPUT 



\-1.5V 



tF 



^s++ 



-1.5V 
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iny 



M3301A 



HIGH SPEED 1024 BIT READ ONLY MEMORY 



Military Temperature Range 
-55°Cto+125°C 

Fast Access Time — 60 nsec 
Maximum 



■ OR-Tie Capability— 
Open Collector Outputs 

■ Standard Packaging — 16 Pin 
Hermetic Dual In-Line 
Configuration 

The M3301 A is a military temperature range ROM, organized as 256 words by 4-bits. It is mask programmed to custom- 
ized patterns. Initial circuit prototyping can be performed before going into volume production by using the pin compat- 
ible M3601 PROM. 



PIN CONFIGURATION 



LOGIC SYMBOL 



ADDRESS INPUT Aj 

ADDRESS INPUT A5 

ADDRESS INPUT A4 

ADDRESS INPUT A3 

ADDRESS INPUT Aq 
(LSB) 

ADDRESS INPUT A, 
ADDRESS INPUT A^ 



1 CSj CHIPSELECT2 

] CS, CHIP SELECT 1 

] 0, DATA OUTPUT 
(LSB) 

] ~j DATA OUTPUT 
] 0^ DATA OUTPUT 
] O4 DATA OUTPUT 



— < 


CS, 




— ° 


CS2 

Ao 


0, 


— 


Al 


O2 


— 


A4 
A5 


O3 


— 


Ae 


O4 


— 


A, 





ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -65°Cto +150°C 

Storage Temperature -65° C to +160° C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.3 to 5.5V 

Output Currents . lOOmA 



^COMMENT 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
at any other condition above those indicated in the opera- 
tional sections of this specification is not implied. 



D.C. and Operating Characteristics 



All limits apply for Vqc = +5.0V ±5%, Ta 


= -55°C to +125°C, unless otherwise specified. 






Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.[1] 


Max. 


Test Conditions 


IFA 


Address Input Load 
Current 




-0.05 > 


-0.25 


mA 


Vcc = 5.25V, Va = 0.45V 


"FS 


Chip Select Input Load 
Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Vs = 0.45V 


Ira 


Address Input Leakage 
Current 






40 


HA 


Vcc = 5.25V, Va = 5.25V 


'RS 


Chip Select Input 
Leakage Current 






40 


juA 


Vcc = 5.25V, Vs = 5.25V 


VCA 


Address Input Clamp 
Voltage 




-0.7 


-1.2 


V 


Vcc = 4.75V, Ia = -5.0mA 


vcs 


Chip Select Input 
Clamp Voltage 




-0.7 


-1.2 


V 


Vcc = 4.75V, Is = -5.0mA 


vcs 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V, loL.= 10mA 


•CEX 


Output Leakage Current 






100 


ma 


Vcc = 5.25V, VcE = 5.25V 
Vcc = 5.25V, 


'cc 


Power Supply Current 




90 


125 


mA 


VaO— Va7 = OV, Vcc= 5.25V, 
Vso = Vsi=OV 


V|L 


Input "Low" Voltage 






0.80 


V 


Vcc = 5.0V 


V|H 


Input "High" Voltage 


2.1 






V 


Vcc = 5.0V 



NOTE 1 : Typical values are at 25° C and at nominal voltage. 
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M 3301 A 



A. C. Characteristics Vcc = +5v ±5%, t^ = -55° c to + 125°C 


SYMBOL 


PARAMETER 


MAX. 
LIMIT 


UNIT 


CONDITIONS 


tA++ ,tA-- 


Address to Output Delay 


60 


ns 


Both C.S. lines must be at ground potential 


ts++. ts- 


Chip Select to Output Delay 


30 


ns 


to activate the ROM. 



Capacitance'^' Ta=25°c 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


PF 


Vcc = 5V V,N=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V,N = 2.5V 


COUT 


Output Capacitance 


7 


12 


pF 


Vcc = 5V VouT = 2.5V 



NOTE 1: This parameter is only periodically sampled and is not 100% tested. 



Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 


10 mA TEST LOAD 




Vcc 

|470n 


Speed measurements are made at 1 .5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test - 2.5 MHz 




:|:30pF 


1 looon 



Waveforms 

ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



/ 



OUTPUT 



OUTPUT 



JF 



^c 



\ 



N^1.5V 



CHIP SELECT TO OUTPUT DELAY 



CHIP 

SELECT 

INPUT 



\ 



OUTPUT 



\ 



jF 



^cr 
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Intel 



3302A, 3302A-4, 3302AL6, 
3322A, 3322A-4, 3322AL6 



HIGH SPEED 2048 BIT READ ONLY MEMORY 



Fast Access Time — 70ns 
(3302A, 3322A) Over Temperature 
and Supply Voltage Variation 
Low Standby Power Dissipation 
(3302AL6) — 115 ^W/bit 
Fully Decoded — on Chip 
Address Decode and Buffer 
DTL and TTL Compatible— 
Input Loading is 0.25 mA max — 
Output Sink is 15 mA 



Open Collector (3302A, 3302A-4, 
3302AL6) and Three State (3322A, 
3322A-4, 3322AL6) Outputs 

Simple Memory Expansion — Single 
Chip Select Input Lead 

Standard Packaging — 16 Pin 
Dual In-Line Lead Configuration 



i 



The 3302A and 3322A device families are high density 2048 bit (512 words by 4-bit) ROMs. Electrical performance is speci- 
fied over the complete ambient temperature range 0°C to 75°C and Vqc supply voltage range of 5V ±5%. The 3302A and 
3322A ROM families are pin compatible with the Intel® 3602 and 3622 PROM families. Consequently initial circuit proto- 
typing can be performed using the pin compatible PROMs. 

The 3302A-4 and 3322A-4 are ideal for slower performance systems (>90 ns) where low system cost is a prime factor. For 
those systems requiring low power dissipation, one should consider the 3302AL6/3322AL6. Not only does the 3302AL6/ 
3322AL6 dissipate 20% less active power than the 3302/3322, but it also has an added low standby power dissipation feature. 
Whenever the 3302AL6/3322AL6 is deselected, povver dissipation is reduced by 70%. 

The 3302A and 3322A device families are manufactured using Schottky barrier diode clamped transistors which results in 
higher speed performance than equivalent devices made with gold diffusion process. 



PIN CONFIGURATION 



LOGIC SYMBOL 



AoC 
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3302A, 3302A-4, 3302AL6, 3322A, 3322A-4, 3322AL6 



Absolute Maximum Ratings* 

Temperature Under Bias -65°C to +125°C 

Storage Temperature . -65"C to +160 C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.6V to 5.5V 

Output Currents 100mA 



'COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 



D. C. Characteristics: am Limits Apply for Vcc= +5.ov ±5%, t^= o°c to +75°c 




Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.MI 


Max. 


Test Conaitions 


'fa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Va = 0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Vs = 0.45V 


Ira 


Address Input Leakage Current 






40 


MA 


Vcc = 5.25V. Va = 5.25V 


Irs 


Chip Select Input Leakage 
Current 






40 


AtA 


Vcc = 5.25V, Vs = 5.25V 


VCA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, Ia = -10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, Is = -10mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V, loL= 15mA 


•CEX 


Output Leakage Current 






100 


AiA 


Vcc = 5.25V, VcE = 5.25V 


icci 


Power Supply Current (3302, 
3302-4,3322,3322-4) 






140 


mA 


VCC--5.25V, Vao-Va8-OV 
CS - OV 


ICC2 


Power Supply Current 
(3302L-6, 3322L-6) Active 






110 


mA 


Vcc-5.25V 
CS- 0.45V 




Standby 






45 


mA 


CS - 2.4V 


V|L 


Input "Low" Voltage 






0.85 


V 


Vcc = 5.0V 


V,H 


Input "High" Voltage 


2.0 






V 


Vcc = 5.0V 


3322A, 3322A-4, 3322AL6 ONLY 


Symbol 


Parameter 


Min. 


Typ.Ml 


Max. 


Unit 


Test Conditions 


Hoi 


Output Leakage for High 
Impedance Stage 






40 


^A 


Vo-5.25V or 0.45V, 
Vcc=5.25V,CS = 2.4V 


Isc^^l 


Output Short Circuit Current 


-15 


-25 


-60 


mA 


Vcc =■- 5.00V, Ta = 25'C, 
Vo = OV 


VOH 


Output High Voltage 


2.4 






V 


IOH=-2.4mA, Vcc=4.75V 



NOTES: 1. Typical values are at 25 C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3302A, 3302A-4, 3302AL6, 3322A, 3322A-4, 3322AL6 



A. C. Characteristics vcc = +5v ±5%. Ta 



cto + 75 c 





PARAMETER 


MAX. LIMIT 


UNIT 




SYMBOL 


3302A 
3322A 


3302A-4 
3322A-4 


3302AL6 
3322AL6 


CONDITIONS 


tA++,tA-- 
tA+-,tA- + 


Address to Output Delay 


70 


90 


90 


ns 


CS = V|i_ to Select the 


ts+ + 


Chip Select to Output Delay 


30 


30 


30 


ns 


ROM 


ts-- 


Chip Select to Output Delay 


30 


30 


120 


ns 





Capacitance 'ta = 25°c, f 



= 1 MHz 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


pF 


Vcc^^V V,N-2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V,N-2.5V 


Cqut 


Output Capacitance 


7 


12 


pF 


Vcc = 5V VouT=2.5V 



NOTE 1 : This paramete-- is on'y periodicaily samp'ed and is not 100°o tested. 



Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 



15 mATEST LOAD 



i 30pF 



Vcc 



Waveforms 

ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



OUTPUT 



/ 



1: 



\ 



CHIP SELECT TO OUTPUT DELAY 



CHIP 

SELECT 

INPUT 



\ 



OUTPUT 

tQ. 



\ 



/ 
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inV 



3304A, 3304A-4, 
3304AL6, 3324A, 3324A-4 



HIGH SPEED 4096 BIT READ ONLY MEMORY 



Fast Access Time — 70ns 
(3304A, 3324A) Over Temperature 
and Supply Voltage Variation 
Low Standby Power Dissipation 
(3304AL6)— eO^W/bit 
Fully Decoded — on Chip 
Address Decode and Buffer 
DTL and TTL Compatible— 
Input Loading is 0.25 mA max — 
Output Sink is 1 5 mA 



Open Collector (3304A, 3304A-4, 
3304AL6) and Three State (3324A, 
3324A-4) Outputs 

Simple Memory Expansion — 4 
Chip Select Input Leads 

Standard Packaging — 24 Pin 
Dual In-Line Lead Configuration 



The3304Aand 3324A device families are high density 4096 bit (51 2 words by 8-bit) ROiVls. Electrical performance is specified 
over the complete ambient temperature range of 0°C to 75°C and Vcc supply voltage range of 5V ±5%. The 3304A and 
3324A ROM families are pin compatible with the Intel 3604 and 3624 PROM families. Consequently initial circuit proto- 
typing can be performed using the pin compatible PROMs. 

The 3304A-4 and 3324A-4 are ideal for slower performance systems (> 90 ns}where low system cost is a prime factor. For 
those systems requiring low power dissipation, one should consider the 3304AL6. Not only does the 3304AL6 dissipate 20% 
less active power than the 3304A, but is also has an added low standby power dissipation feature. Whenever the 3304AL6 is 
deselected, power dissipation is reduced by 70%. 

The 3304A and 3324A device families are manufactured using Schottky barrier diode clamped transistors which results in 
higher speed performance than equivalent devices made with gold diffusion process. 



Mode/Pin Connection 


Pin 22 


Pin 24 


Read: 

3304A,3304A-4. 
3324A,3324A-4 


No Connect or 5V 


5V 


3304AL6 


+5V 


No Connect 


Standby 
Power: 

3304AL6 


Power dissipation isautonriatically 
reduced whenever the 3304AL6 
is deselected. 



PIN NAMES 



Ao-Ag 



ADDRESS INPUTS 



CS1-CS2 
CS3-CS4 



111 
- CHIP SELECT INPUTS 



Oi-Os 



DATA OUTPUTS 



(1 1 To select the ROM CSi = CS2 = 
and CS3 = CS4 = 1. 



PIN CONFIGURATION 



AsC 3 
A.C^ 
AjQ 5 
A2C 6 

A,C ^ 

(LSBI Ao[3 8 
(LSBI OtC 9 

GNOC 12 



2* IJVcci 

23 3 A, iMSBi 

?2 3^CC2 (REQUIRED 

ON 3304AL6 

21 IJCS, ONLY) 

2o:]H^ 

19 3^53 

18 I]CS4 

.7 DOe ,MSB. 

16 Uo, 

15 3O6 

14 3]05 

13 3O4 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

I 1 



LOGIC SYMBOL 



4096 BIT 

PROM U 
(512X81 
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3304A, 3304A-4, 3304AL6, 3324A, 3324A-4 



Absolute Maximum Ratings* 

Temperature Under Bias -65°C to +125°C 

Storage Temperature -65°C to +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Inpyt Voltages -1.6V to 5.5V 

Output Currents 100mA 



•COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 



D- C. Characteristics: ah Limits Apply tor Vcc= +5.0V ±5%, Ta= 0°C to +75°C 


Symbol 


Parameter 


Limits 


Test Conditions 


Mln. 


Typ.tl] 


Max. 


Unit 


Ifa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc=5.25V, Va = 0.45V 


•fs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V,Vs=0.45V 


Ira 


Address Input Leakage Current 






40 


MA 


Vcc=5.25V,Va=5.25V 


Irs 


Chip Select Input Leakage 
Current 






40 


MA 


Vcc=5.25V,Vs= 5.25V 


VCA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc=4.75V,lA=-10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc=4.75V, ls= -10mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc=4.75V,loL=15mA 


ICEX 


Output Leakage Current 






100 


ma 


Vcc=5.25V,VcE=5.25V 


loci 


Power Supply Current (3304A, 
3304A-4) 






190 


mA 


Vcci = 5.25V,Vao->Va8=OV, 
CSi=CS2=0V,CS3 = CS4=5.25V 


•CC2 


Power Supply Current {3324A, 
3324A-4) 






190 


mA 


Vcci= 5.25V, Vao-^Va8=OV, 
CSi =CS2=0V, CS3=CS4= 5.25V 


Ice 


Power Supply Current 

(3304 A L6) Active 






140 


mA 


Vcc2=5.25V,Vcci=Open 

CSi = CS2= 0.45 V, CS3 = CS4= 2.4V 


Standby 






45 


mA 


CSi=CS2 = 2.5V 


V|L 


Input "Low" Voltage 






0.85 


V 


Vcc=5.0V 


V|H 


Input "High" Voltage 


2.0 






V 


Vcc=5.0V 


3324A, 3324A-4 0NLY 


Symbol 


Parameter 


IVIin. 


Typ.d] 


Max. 


Unit 


Test Conditions 


Hol 


Output Leakage for High 
Impedance Stage 






100 


ma 


Vo = 5.25V or 0.45V, 
Vcc=5.25V,CSi=CS2=2.4V 


Isct2l 


Output Short Circuit Current 


-15 


-25 


-60 


mA 


Vcc = 5.00V,Ta-25°C. 
Vo=OV 


VOH 


Output High Voltage 


2.4 






V 


l0H=-2.4mA,Vcc = 4.75V 



i 



NOTES: 1. Typical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3304A, 3304A-4, 3304AL6, 3324A, 3324A-4 



A. C. Characteristics Vcc = +5v ±5%, ta = o°c to +75°c 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


CONDITIONS 


3304A 
3324A 


3304A-4 
3324A-4 


3304AL6 


tA++,tA-- 
tA+-,tA- + 


Address to Output Delay 


70 


90 


90 


ns 


CS = ViL to Select the 
PROM 


ts-f + 


Chip Select to Output Delay 


30 


30 


30 


ns 


ts- 


Chip Select to Output Delay 


30 


30 


120 


ns 



Capacitance '^^ Ta = 25°c, t = i mhz 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


pF 


Vcc^SV V,^j=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V,|\j = 2.5V 


COUT 


Output Capacitance 


7 


15 


pF 


Vcc = 5V VouT = 2.5V 



NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 



Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 



15 mA TEST LOAD 



I 



30pF 




Waveforms 

ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



/ 



OUTPUT 



OUTPUT 



W---- 



/ 



5V 



\-1.5V 



\ 



...> 



CHIP SELECT TO OUTPUT DELAY 



CHIP 

SELECT 

INPUT 



1.5v\ 



OUTPUT 



\ 



/ 



1.5V 
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Intel 



3601, 3621 
256 X 4 HIGH SPEED RAM 



3601-1,3621-1 



3601, 3621 



50 ns Max. 



70 ns Max. 



Low Power Dissipation: 
0.5 mW/Bit Typical 

Open Collector (3601) and 
Three-State Outputs (3621) 



■ Fast Programming: 
1 ms/Bit Typically 

■ Polycrystalline Silicon Fuse 

■ 16 Pin Dual In-Line 
Hermetic Package 



i 



The Intel® 3601/3621 is a 1024 bit PROM ideally suited for uses where fast turnaround and pattern experimentations are 
important, such as in prototypes or in small productions volume systems. The 3601 is manufactured with all outputs low, and 
logic high output levels can be electrically programmed in selected bit locations. The 3621 has its outputs initially high and logic 
low output levels are programmed. The same address inputs are used for both programming and reading. 

A higher system performance is achieved by using the 3601-1 or 3621-1. These PROMs give a 25% system speed improvement 
over the 3601 or 3621. 

The 3601/3621 is manufactured with the highly reliable polycrystalline silicon fuse and the fast switching Schottky barrier diode 
technology. 



PIN CONFIGURATION 



LOGIC SYMBOL 



LOGIC SYMBOL 



ADDRESS INPUT 


Ag 


L_ 


1 


-^ 


16 


—i 


\c 




ADDRESS INPUT 


Ab 


[Z 


2 




15 


Z2 


A; 


ADDRESS INPUT 
(MSB) 


ADDRESS INPUT 


A4 


CZ 


3 




14 


Z] 


c-s, 


CHIPSELECT 2 


ADDRESS INPUT 


A3 


cz 


4 




13 


Z] 


cs, 


CHIPSELECT 1 


ADDRESS INPUT 
(LSB) 


Ao 


r~ 


5 




12 


Z] 


o, 


DATA OUTPUT 
(LSB) 


ADDRESS INPUT 


Ai 


1 


6 




11 


Z] 


0, 


DATA OUTPUT 


ADDRESS INPUT 


A? 


L_ 


7 




10 


Z] 


03 


DATA OUTPUT 


C 


3ND 

DU 
MA 
TH 
AP 


L_ 


8 




9 


Zl 0. 

PROGRA 
5SiORCS 
RAM PULS 
1 FAMILY 


DATA OUTPUT 

(MSB) 


NOTE 1. 


RING 
YBE/ 
E3621 
'LIED 


PROGRAMMING, THE 
APPLIED TO EITHER 
FAMILY. THE PROG 
TO CS2 FOR THE 360 


M PULSE , 
2 FOR 
EIS 



CS, 






CSj 




Oi 


Ao 






Ai 




02 


A? 


3601 




A3 






A4 




03 


A5 






Ag 




04 


A? 







-^ 


cs, 








° 


"2 

Ao 




O1 






A, 




02 






A3 


3621 








A4 




03 






Ag 




O4 






A? 













PIN NAMES 


Aq- 


-A7 


ADDRESS INPUTS 


C^, 


-6^ 


2 CHIP SELECT INPUTS 


O1- 


-O4 


DATA OUTPUTS 
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3601, 3621 FAMILY 



Absolute Maximum Ratings'* 



Temperature Under Bias 


-65°Cto+125°C 


Storage Temperature 


-65°Cto+160°C 


Output or Supply Voltages 


^0.5V to 7 Volts 


All Input Voltages 


-1.6V to 5.5V 


Output Currents 




100mA 


Programming Only: 








3601 


3621 


Output or Vcc Voltages 


10.25 V 


13V 


CS2 Voltage 


15.5V 


15.5V 


CS2 Current 


100mA 


150mA 


Vcc Current 


500mA 


600mA 



^COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. 
This is a stress rating only and functional operation of 
the device at these or at any other condition above those 
Indicated In the operational sections of this specification 
is not implied. 



D. C- Characteristics: ah Limits Apply for Vcc = +5.OV ±5%, Ta = 0°C to +75°C unless Otherwise Specified. 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.lU 


Max. 


Test Conditions 


•fa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Va = 0.45V 


'fs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Vs = 0.45V 


Ira 


Address Input Leakage Current 






40 


AiA 


Vcc = 5.25V, Va = 5.25V 


Irs 


Chip Select Input Leakage 
Current 






40 


M 


Vcc = 5.25V, Vs = 5.25V 


VCA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, 1 A = -10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, Is = -10mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V, loL= 15mA 


Ice 


Power Supply Current 




90 


130 


mA 


Vcc=5.25V, Vao- Va7 = OV 
CSi = CS2=0V 


V,L 


Input "Low" Voltage 






0.85 


V 


Vcc = 5.0V 


V,H 


Input "High" Voltage 


2.0 






V 

1 


Vcc = 5.0V 



FOR 3621, 3621-1 ONLY 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.ni 


Max. 


Test Conditions 


lo 


Output Leakage for High 
Impedance Stage 






40 


MA 


Vo=5.25V or 0.45V, 

Vcc = 5.25V, CST = CS^ = 2.4V 


Iscf2] 


Output Short Circuit Current 






-60 


mA 


Vcc = 5.00V,TA = 25°a 
Vo=0V 


VOH 


Output High Voltage 


2.4 






V 


l0H= -2.4mA, Vcc = 4.75V 



NOTES: 1. Typical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3601, 3621 



A. C. Characteristics Vcc= +5v ±5%, t^ = o°c to + 75°c 



SYMBOL 


PARAMETER 


MAXIMUM LIMITS 


UNIT 


CONDITIONS 


0°C 


25°C 


75°C 


tA-H-, tA__ 
tA+-, tA_+ 


3601-1 and 3621-1 Address 
to Output Delay 


50 


50 


50 


ns 




tA++, tA__ 
tA+-, tA_+ 


3601 and 3621 Address 
to Output Delay 


70 


60 


70 


ns 


Both C.S. lines must be at 
ground potential to activate 
the PROM. 


ts+4-, ts__ 


Chip Select to Output Delay 


25 


25 


25 


ns 



Capacitance" j^= 25°c 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


pF 


Vcc = 5V V,N=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc=5V V|N = 2.5V 


CoUT 


Output Capacitance 


7 


12 


pF 


Vcc = 5V VouT = 2.5V 



NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 



Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes - 2. BV 
Input pulse rise and fall tinnes of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 



15 mA TEST LOAD 






Vcc 



: 3oon 



30pF ^ eoori 



Waveforms 



ADDRESS TO OUTPUT DELAY 



CHIP SELECT TO OUTPUT DELAY 
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3601, 3621 FAMILY 



Typical D. C. Characteristics 



■ 







INPUT CUHRENT 
VS. INPUT VOLTAGE 




-•0 
-40 


Vc< 


-S.OV 


































-20 

1 . 

20 
40 

W 


































Ji 












<^ 




















/ 












M 









INPUT CLAMP CURRENT 
VS. INPUT VOLTAGE 



Vcc - 8.0V 




































i 


r' 








cc- 


i 


^^*ti' 










I 


^*n'c 









OUTPUT CURRENT 
VS. OUTPUT "LOW" VOLTAGE 



INPUT THRESHOLD 
VS. TEMPERATURE 



Vee-8. 


•V 








/ 










k 


K 










i 










A 


'/ 








J 


y 








^ 


r 













Vcc -80V 








.^ 










" - 















TEMPERATURE CO 



Typical A. C. Characteristics 



SELECT TO OUTPUT DELAY 
VS. SUPPLY VOLTAGE 





Ta- 25' 
DCLOA 
Ci.-30p 


C 


































«»-- 






•».. 











SELECT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 



Vcc - s ov 

DC LOAD- 15mA 
Ct- 30pF 


























t|_. 






««.. 
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ADDRESS TO OUTPUT DELAY 
VS. SUPPLY VOLTAGE 



Ta- 25'C 

DCUOAO-lBmA 

Ci-SOpF 








U-. 


\ 






Jv 


\ 






h 




,/ 


./- 





















AMBIENT TEMPERATURE CO 

ADDRESS TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 



Vcc " 5.0V' 

DC LOAD - ISmA 

Cl-30pF 



^ 



AMBIENT TEMPERATURE (° 



Intel 



M3601 

HIGH SPEED ELECTRICALLY PROGRAMMABLE 
1024 BIT READ ONLY MEMORY 



Military Temperature Range 
-55°Cto +125"C 

Fast Access Time — 90 nsec 
Maximum 



■ Fast Programming— 1 ms/bit 
Typically 

■ Open Collector Outputs 

■ Standard Packaging — 16 Pin 
Hermetic Dual In-Line Lead 
Configuration 

The M3601 is a military temperature range PROIVl, organized as 256 words by 4-bits. The PROM is manufactured with 
all outputs low and logic output high levels can be electrically programmed in selected bit locations. The M3601 is pin 
compatible with the Intel metal mask ROM M3301A. 



PIN CONFIGURATION 



LOGIC SYMBOL 



ADDRESS INPUT Ag | 

ADDRESS INPUT A5 

ADDRESS INPUT A4 

ADDRESS INPUT A3 

ADDRESS INPUT Aq 
(LSB) 

ADDRESS INPUT A, 



ADDRESS INPUT / 



GND Q^ 8 



CSjCHIPSELEC 



1 CS, CHIPSELEC 



I O, DATA QUI 
^""^ (LSBI 



0, DATAOUTI 



ABSOLUTE MAXIMUM RATINGS^ 

Temperature Urider Bias -65°Cto +150°C 

Storage Temperature -65" C to +160° C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.3 to 5.5V 

Output Currents 100mA 

Programming Only. 

Output or Vcc Voltages 10.25V 

CS2 Voltage 15.25V 

Vcc Current 500mA 

CS2 Current 100mA 

•COMMENT 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
at any other condition above those indicated in the opera- 
tional sections of this specification is not implied. 



D.C. and Operating Characteristics 

All limits apply for Vcc = +5.0V ±5%, T^ = -55°C to +125°C, unless otherwise specified. 




/ Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.[l] 


Max. 


Test Conditions 


IFA 


Address Input Load 
Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Va = 0.45V 


«FS 


Chip Select Input Load 
Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Vs = 0.45V 


Ira 


Address Input Leakage 
Current 






40 


mA 


Vcc = 5.25V, Va = 5.25V 


iRS 


Chip Select Input 
Leakage Current 






40 


mA 


Vcc = 5.25V, Vs = 5.25V 


VCA 


Address Input Clamp 
Voltage 




-0.7 


-1.2 


V 


Vcc = 4.75V, Ia = -5.0mA 


vcs 


Chip Select Input 
Clamp Voltage 




-0.7 


-1.2 


V 


Vcc = 4.75V, Is = -5.0mA 


vcs 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V, loL=10mA 


'CEX 


Output Leakage Current 






100 


mA 


Vcc = 5.25V. VcE = 5.25V 
Vcc = 5.25V, 


'cc 


Power Supply Current 




90 


130 


mA 


VaO— Va7 = OV. 
Vso = Vsi=OV 


) V|L 


Input "Low" Voltage 






0.80 


V 


Vcc = 5.0V 


V|H 


Input "High" Voltage 


2.1 






V 


Vcc = 5.0V 



NOTE 1 : Typical values are at 25° C and at nominal voltage. 
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M3601 



A. C. Characteristics vcc = +5v ±5%, ta = -55°c to +i25°c 



SYMBOL 


PARAMETER 


MAX. 
LIMIT 


UNIT 


CONDITIONS 


tA++,tA — 
tA+-, tA-+ 


Address to Output Delay 


90 


ns 


Both C.S. lines must be at ground potential 
to activate the PROM. 


ts++. ts— 


Chip Select to Output Delay 


35 


ns 



Capacitance ^'^ t^= 25°c 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


C|NA 


Address Input Capacitance 


4 


10 


pF 


VcC=5V 


V,N=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V 


V,N = 2.5V 


Cqut 


Output Capacitance 


7 


12 


pF 


Vcc = 5V 


VouT = 2.5V 


NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 

Switching Characteristics 



Conditions of Test: 

Input pulse annplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test - 2.5 MHz 



10 mA TEST LOAD 



I 



30pF 



vcc 




Waveforms 

ADDRESS TO OUTPUT DELAY 




CHIP SELECT TO OUTPUT DELAY 



SELECT ^'^^ 
INPUT 



\ 



OUTPUT 



^C 



jF 



»s++"" 




1.5V 
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Intel 3602' 3602-4, 3602L-6, 

3622, 3622-4, 3622L-6 

HIGH SPEED ELECTRICALLY PROGRAMMABLE 
2048 BIT READ ONLY MEMORY 



■ Fast Access Time — 70ns 
(3602, 3622) 

■ Low Standby Power Dissipation 
(3602L-6, 3622L-6) — 115 /xW/bit 

■ Open Collector (3602, 3602-4, 3602L-6) or 
Three-State (3622, 3622-4, 3622L-6) Outputs 



Fast Programming — 
1 ms/bit Typically 

Polycrystalline Silicon Fuse 

Standard Packaging — 16 Pin 
Dual In-Line Configuration 



The 3602 and 3622 device families are high density 2048 bit (512 words by 4-bits) PROiVls suitable for uses where fast turn- 
around and pattern experimentation are important such as in prototypes or in small production volume systems. For those 
systems requiring low power dissipation, one should consider the 3602L-6 or 3622L-6. Both the 3602L-6 and 3622L-6 have a 
low standby power dissipation feature. Whenever these two devices are deselected, power dissipation is reduced substantially 
over the active power dissipation. The 3602-4 and 3622-4 are ideal for slower performance systems (>90ns) where low system 
cost is a prime factor. 

The PROMs are pin compatible with the Intel metal mask ROMs3302A, 3302A-4, 3302AL6, 3322A, 3322A-4 and 3322AL6. 
The ROMs offer system cost savings over the PROMs when in large volume production. 

ThePROMsaremanufactured with all outputs high and logiclow levels can be electrically programmed in selected bit locations. 

The 3602 and 3622 device families are monolithic, high speed, Schottky clamped TTL arrays with polycrystalline silicon fuses. 
The Schottky barrier diode clamped transistors allow faster switching speeds than those devices made with the conventional 
gold diffusion processes. 



PIN CONFIGURATION 



LOGIC SYMBOL 
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3602, 3602-4, 3602L-6, 3622, 3622-4, 3622L-6 



Absolute Maximum Ratings* 

Temperature Urider Bias ........... -65°C to +125°C 

Storage Temperature -65°C to +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.6V to 5.6V 

Output Currents 100mA 

Programming Only: 

Output or Vcc Voltages 13V 

CS Voltage 15.5V 

Vcc Current 600mA 

CS Current 150mA 



•comment 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those Indicated in 
the operational sections of this specification Is not implied. 



D- C. Characteristics: AII Limits Apply tor Vcc= +5.0V ±5%, 1^= 0°C to +75°C 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ.Il] 


Max. 


Ifa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Va = 0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc = 5.25V, Vs = 0.45V 


Ira 


Address Input Leakage Current 






40 


juA 


Vcc = 5.25V, Va = 5.25V 


Irs 


Chip Select Input Leakage 
Current 






40 


i"A 


Vcc = 5.25V, Vs = 5.25V 


VcA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, Ia= -10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc = 4.75V, Is = -10mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V, loL= 15mA 


'CEX 


Output Leakage Current 






100 


/iA 


Vcc = 5.25V, VcE = 5.25V 


icci 


Power Supply Current (3602, 
3602-4, 3622, 3622-4) 






140 


mA 


Vcc=5.25V,Vao^Va8 = OV 
CS = OV 


ICC2 


Power Supply Current 
(3602 L-6, 3622 L-6) Active 






110 


mA 


Vcc=5.25V 
CS = 0.45V 


Standby 






45 


mA 


CS = 2.4V 


V|L 


Input "Low" Voltage 






0.85 


V 


Vcc = 5.0V 


V|H 


Input "High" Voltage 


2.0 






V 


Vcc = 5.0V 


3622, 3622-4, 3622L-6 0NLY 


Symbol 


Parameter 


Min. 


Typ.H] 


Max. 


Unit 


Test Conditions 


Hoi 


Output Leakage for High 
Impedance Stage 






40 


ma 


Vo = 5.25V or 0.45V, 
Vcc=5.25V,CS = 2.4V 


ISC[2] 


Output Short Circuit Current 


-15 


-25 


-60 


mA 


Vcc = 5.00V,Ta=25°C, 
Vo = ov 


VOH 


Output High Voltage 


2.4 






V 


l0H=-2.4mA, Vcc = 4.75V 



NOTES: 1 . Typical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3602, 3602-4, 3602L-6, 3622, 3622-4, 3622L-6 



A. C. Characteristics vcc = +5v ±5%,Ta - o°c to +75°c 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


CONDITIONS 


3602 
3622 


3602-4 
3622-4 


3602L-6 
3622L-6 


tA++,tA-- 
tA+-,tA- + 


Address to Output Delay 


70 


90 


90 


ns 


CS = V|i_ to Select the 
PROM 


ts+ + 


Chip Select to Output Delay 


30 


30 


30 


ns 


ts— 


Chip Select to Output Delay 


30 


30 


120 


ns 



Capacitance^^^TA = 25°c, f= i mhz 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


pF 


Vcc-5V V,N=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V|N-2.5V 


CouT 


Output Capacitance 


7 


12 


pF 


Vcc = 5V VouT = 2.5V 



NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 



Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 



15 mA TEST LOAD 



I 



30pF 




Waveforms 

ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



OUTPUT 



OUTPUT 



/ 



/. 

^ 



\ 



\ 



-t 



CHIP SELECT TO OUTPUT DELAY 



CHIP 



\ 



1^ 



/ 
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inV 



3604, 3604-4, 3604L-6, 3624, 3624-4 



HIGH SPEED ELECTRICALLY PROGRAMMABLE 
4096 BIT READ ONLY MEMORY 



Fast Access Time— 70 ns 
(3604, 3624) 

Low Standby Power Dissipation 
(3604L-6)— 60i^W/bit 
Open Collector (3604, 3604-4, 
3604L-6) or Three-State (3624, 
3624-4) Outputs 



Fast Programming — 
1 ms/bit Typically 
Polycrystalline Silicon Fuse 
Standard Packaging — 24 Pin 
Dual In-Line Configuration 



The 3604 and 3624 device families are high density 4096 bit (512 words by 8-bits) PROMs suitable for uses where fast turn- 
around and pattern experimentation are important such as in prototypes or in small production volume systems. For those 
systems requiring low power dissipation, one should consider the 3604L-6. The 3604L-6 has a low standby power dissipation 
feature. Whenever the 3604L-6 is deselected, power dissipation is reduced substantially over the active power dissipation. The 
3604-4 and 3624-4 are ideal for slower performance systems (>90ns) where low system cost is a prime factor. 

The PROMs are pin compatible with the respective Intel metal mask ROMs 3304A, 3304A-4, 3304AL6, 3324, and 3324-4. 
The ROMs offer system cost savings over the PROMs when in large volume production. 

The PROMs are manufactured with all outputs high. Logic low levels can be electrically programmed in selected bit locations. 

The 3604 and 3624 device families are monolithic, high speed, Schottky clamped TTL arrays with polycrystalline silicon fuses. 
The Schottky barrier diode clamped transistors allow faster switching speeds than those devices made with the conventional 
gold diffusion processes. 



Mode/Pin Connection 


Pin 22 


Pin 24 


Read: 3604,3604-4. 
3624. 3624-4 


No Connect or BV 


5V 


3604 L-6 


+5V 


No Connect 


Program: 3604.3604-4. 
3624. 3624-4 


Pulsed 12.5V 


Pulsed 12.5V 


3604 L-6 


Pulsed 12.5V 


Pulsed 12.5V 


Standby 
Power : 

3604 L-6 


Power dissipation is automatically re- 
duced whenever the 3604 L-6 is 
deselected. 







PIN NAMES 


Aq- 


-A8 




ADDRESS INPUTS 


CSi 
CS3 


-CS2 
-CS4 


- 


[1] 
CHIP SELECT INPUTS 


Oi- 


-08 




DATA OUTPUTS 



[1] To select the PROM CSi = CS2 = 
and CS3 = CS4 = 1 . 



PIN CONFIGURATION 




BLOCK DIAGRAM 

DATA OUT 1 DATA OUT I 

-1 



LOGIC SYMBOL 



TT 
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3604, 3604-4, 3604L-6, 3624, 3624-4 



Absolute Maximum Ratings* 

Temperature Under Bias -65°C to +125°'C 

Storage Temperature -65°C to +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.6 to. 5.5V 

Output Currents 100mA 

Programming Only: 

Output or Vcc Voltages 13V 

CSi Voltage 15.5V 

Vcc Current 600mA 

CSi Current 150mA 



•COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 



I 



D. C- Characteristics: am Limits Apply tor Vcc= +5.0V ±5%, Ta= 0°C to +75°C 


Symbol 


Parameter 


Limits 


Test Conditions 


Min. 


Typ.M] 


Max. 


Unit 


Ifa ' 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc=5.25V, Va=0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc=5.25V, Vs=0.45V 


•ra 


Address Input Leakage Current 






40 


/iA 


Vcc=5.25V, Va = 5.25V 


Irs 


Chip Select Input Leakage 
Current 






40 


juA 


Vcc=5.25V, Vs=5.25V 


VcA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc=4.75V,lA=-10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc=4.75V, ls=-10mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc = 4.75V,loL=15mA 


'CEX 


Output Leakage Current 






100 


/iA 


Vcc=5.25V,VcE = 5.25V 


Icci 


Power Supply Current (3604, 
3604-4) 






190 


mA 


Vcci = 5.25V, Vao--Va8=OV, 
CSi =CS2=0V,CS3= CS4= 5.25V 


'CC2 


Power Supply Current (3624, 
3624-4) 






190 


mA 


Vcci= 5.25V, Vao-^Va8=OV, 
CSi=CS2 = 0V,CS3=CS4=5.25V 


Ice 


Power Supply Current 

(3604L-6) Active 






140 


mA 


Vcc2=5.25V,Vcci=Open 
CSi=CS2=0.45V,CS3 = CS4=2.4V 


Standby 






45 


mA 


CSi=CS2=2.5V 


V|L 


Input "Low" Voltage 






0.85 


V 


Vcc=5.0V 


V,H 


Input "High" Voltage 


2.0 






V 


Vcc=5.0V 


3624,3624-4 ONLY 


Symbol 


Parameter 


MIn. 


Typ.n] 


Max. 


Unit 


Test Conditions 


Hoi 


Output Leakage for High 
Impedance Stage 






100 


iuA 


Vo = 5.25V or 0.45V, 
Vcc=5.25V,CSi=CS2=2.4V 


isct2l 


Output Short Circuit Current 


-15 


-25 


-60 


mA 


Vcc = 5.00V, Ta=25°C, 
Vo=OV 


VoH 


Output High Voltage 


2.4 






V 


l0H=-2.4mA, Vcc = 4.75V 



NOTES: 1. Typical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3604, 3604-4, 3604L-6, 3624, 3624-4 



A. C. Characteristics vcc = +5v ±5%, Ta = o°c 



to+75 C 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


CONDITIONS 


3604 
3624 


3604-4 
3624-4 


3604 L-6 


tA++,tA-- 
tA+-»tA- + 


Address to Output Delay 


70 


90 


90 


ns 


CSi = CS2=V|L andCS3 = 
CS4=V|H to Select the 
PROM. 


ts+ + 


Chip Select to Output Delay 


30 


30 


30 


ns 


ts- 


Chip Select to Output Delay 


30 


30 


120 


ns 



Capacitance'^* 


Ta =25°C, f = 1 MHz 










SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


pF 


Vcc = 5V V,^^2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V,N = 2.5V 


CoUT 




Output Capacitance 


7 


15 


pF 


Vcc = 5V VouT = 2.5V 



NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 



Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 



15 mA TEST LOAD 



I 



30pF 



Vcc 



Waveforms 

ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



jCZ 



OUTPUT 



^A++" 



OUTPUT 



tA+--^ 



/ 



5V 



^ 



i.svV 






CHIP SELECT TO OUTPUT DELAY 



CS,,CS2 i-sv 



\ 



3.CS, L. 



OUTPUT 
tc. 



-1.5V 






^cr 
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Intel 



M3604, M3604-6, M3624 



HIGH SPEED ELECTRICALLY PROGRAMMABLE 
4096 BIT READ ONLY MEMORY 



Military Temperature Range 

Fast Access Time — 90 ns 

(M3604, M3624) 

Low Standby Power Dissipation 

(M3604-6)— 60^W/bit 

Open Collector (M3604, M3604-6) 

or Three-State (M3624) Outputs 



Fast Programming — 
1 ms/bit Typically 
Polycrystalline Silicon Fuse 
Standard Packaging — 24 Pin 
Hermetic Dual-ln-Line Lead 
Configuration 



The M3604, M3604-6, and M3624 are high density 4096 bit (512 words by 8-blts) PROMs suitable for uses where fast 
turnaround and pattern experimentation are important such as In prototypes or in small production volume systems. 
The M3604/M3624 are specified over the full temperature range of -55°C to +1 25°C and the M3604-6 over the extended 
temperature range of -30°C to +125°C. For those systems requiring low power dissipation, one should consider the 
l\/l3604-6. The M3604-6 has a low standby power dissipation feature. Whenever the M3604-6 is deselected, power dissipa- 
tion is reduced substantially over the active power dissipation. 

The PROMs are manufactured with all outputs high. Logic low levels can be electrically programmed in selected bit lo- 
cations. The IVI3604 and M3624 device families are monolithic, high speed, Schottky clamped TTL arrays with poly- 
crystalline silicon fuses. 



i 



Mode/Pin Connection 


Pin 22 


Pin 24 


Read: M3604, 
M3624 


No Connect or 5V 


5V 


M3604-6 


+5V 


No Connect 


Program: M3604, 
M3624 


Pulsed 12.5V 


Pulsed 12.5V 


M3604-6 


Pulsed 12.5V 


Pulsed 12.5V 


Standby 
Power : 

M3604-6 


Power dissipation is automatically re- 
duced whenever the M3604-6 is 
deselected. 



ORDERING INFORMATION: 

MD3604: Open Collector - 4K 

MD3604-6: Open Collector - Low Standby Power 4K 

MD3624: Three State - 4K 







PIN NAMES 


AO- 


-A8 




ADDRESS INPUTS 


CSi 
CS3 


-CS2 
-CS4 


- 


111 
CHIP SELECT INPUTS 


Oi- 


-08 




DATA OUTPUTS 



[1 1 To select the PROM CS^ = CS2 = 
and CS3 = CS4 = 1 . 



PIN CONFIGURATION 



A.C ' 

(LS«I AoC • 

(LSai O,^ « 

GNOC \2 



.23 13 At IMSBl 
21 3CS, 



BLOCK DIAGRAM 

DATA OUT I DATA OUT! 
I 1 



LOGIC SYMBOL 



PROM MATRIX 



IJ-— -4 
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M3604, M3604-6, M3624 



Absolute Maximum Ratings* 

Temperature Under Bias -65°C to +135 C 

Storage Temperature -65°C to +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.6V to 5.6V 

Output Currents 100mA 

Programming Only: 

Output or Vcc Voltages 13V 

CSi Voltage 15.5V 

Vcc Current 600mA 

CSi Current 150mA 



•COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
Is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated In 
the operational sections of this specification Is not Implied. 



D.C- Characteristics Vcc = +5.ov ± 

Vcc = +5.0V ± 


10%, T, 
5%, T^ 


^ = -55°C to +125°C for M3604, M3624 
^ = -30°C to +125°C for M3604-6 


Symbol 


Parameter 


Limits 


Test Conditions 


Min. 


Typ.M] 


Max. 


Unit 


«FA 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc= Max, Va= 0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc= Max, Vs=0.45V 


Ira 


Address Input Leakage Current 






40 


/iA 


Vcc= Max, Va= Max 


'rs 


Chip Select Input Leakage 
Current 






40 


ma 


Vcc= Max, Vs= Max 


VCA 


Address Input Clamp Voltage 




-0.9 


-i.5 


V 


Vcc= Min, lA=-10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc= Min, ls= -10mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc= Min, loL=10mA 


'CEX 


Output Leakage Current 






100 


ma 


Vcc~ Max, VcE= Max 


Icci 


Power Supply Current (M3604) 






190 


mA 


Vcci= Max, Vao->Va8=OV, 
CSi=CS2=0V,CS3=CS4= 5.5V 


'CC2 


Power Supply Current (M3624) 






190 


mA 


Vcci= Max, Vao->Va8=OV, 
CSi=CS2=0V,CS3=CS4= 5.5V 


'cc 


Power Supply Current 

(M3604-6) Active 






140 


mA 


Vcc2= Max, Vcci=Open 
CSi=CS2=0.45V,CS3=CS4=2.4V 


Standby 






45 


mA 


CSi=CS2=2.5V 


V|L 


Input "Low" Voltage 






0.8 


V 


Vcc= 5.0V, Ta=25°C 


V|H 


Input "High" Voltage 


2.0 






V 


Vcc=5.0V,Ta=25°C 


M3624 0NLY 


Symbol 


Parameter 


Min. 


Typ.[l] 


Max. 


Unit 


Test Conditions 


Hol 


Output Leakage for High 
Impedance Stage 






100 


MA 


Vo= Max or 0.45V, 
Vcc= Max, CSi =CS2= 2.4V 


Iscf2l 


Output Short Circuit Current 


-15 


-25 


-60 


mA 


Vcc = 5.00V, Ta= 25° C, 
Vo = OV 


VoH 


Output High Voltage 


2.4 






V 


l0H=-2.4mA, Vcc = 5V 



NOTES: 1 . Typical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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M3604, M3604-6, M3624 



A. C. Characteristics Vcc = +5.OV ±10%, T^ = -55°C to +125°C for M3604, M3624 

Vcc = +5.0V ± 5%, T^ = -30°C to +125°C for M3604-6 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


CONDITIONS 


M3604 
M3624 


M3604-6 


tA++,tA — 
tA+-,tA-+ 


Address to Output Delay 


90 


120 


ns 


CSi = CS2 = V,L and 
CS3 = CS4 = V|H to 
Select the PROM 


ts++ 


Chip Select to Output Delay 


45 


45 


ns 


ts— 


Chip Select to Output Delay 


45 


160 


ns 



Capacitance '^^ Ta = 25°c. f = 1 mhz 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


PF 


Vcc = 5V V,^=2.5V 


r 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V,N = 2.5V 


Cqut 


Output Capacitance 


7 


15 


pF 


Vcc = 5V VouT=2.5V 



NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 



Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test - 2.5 MHz 



10 mA TEST LOAD 



I 



30pF, 




Waveforms 

ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



/ 



OUTPUT 



/ 



Vl.5V 



\ 






CHIP SELECT TO OUTPUT DELAY 



CSi,CS2 i-sv 






\ 



\ 
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Intel 



i 



3605, 3625 
HIGH SPEED 1K X 4 PROM 



3605-1, 3625-1 


50 ns Max. 


3605, 3625 


70 ns Max. 



Fast Access Time: 35ns 
Typically 

Low Power Dissipation: 
0.14 mW/bit Typically 

Fast Programming: 1 ms/bit 
Typically 



■ Open Collector (3605) and 
Three-State (3625) Outputs 

■ Hermetic 18 Pin DIP 



The 3605/3625 is a high density 4096 bit PROiVI suitable for uses where fast turnaround and pattern experimentation are 
important such as in prototypes or in small production volume systems. The PROMs are manufactured with all outputs high and 
logic low levels can be electrically programmed in selected bit locations. 

The 3605/3625 is a monolithic, high speed, Schottky clamped TTL memory array with polycrystalline silicon fuses. The 
Schottky barrier diode clamped transistors allow faster switching speeds than those devices made with the conventional gold 
diffusion processes. 



PIN CONFIGURATION LOGIC SYMBOL 



AeC 


1 


18 


:^Vec 


-^ 


CS1 

ns? 




A5L 


2 


17 


I] A, 





Ao 




A4I: 


3 


16 


3 A3 


— 


A, 


Ol 


AaC 


4 


15 


HAg 


— 


A2 
A3 
Ai 


02 


AoC 


5 


14 


30, 


_ 


O3 


AlC 


6 


13 


:]o. 


— 


A5 


O4 


A^C 


7 


12 


^03 


— 


Ae 




csiC 


8 


11 


1104 


Z 


A7 
An 




gndC 


9 


10 


DCS2 


— 


A9 





PIN NAMES 



Ao 


A9 


ADDRESS INPUTS 


cs 




CHIP SELECT INPUT 


Ol 


04 


OUTPUTS 



BLOCKDIAGRAM 



A9— 








As — 


Ui 






A7 


8 




64X64 ARRAY 






Ae — 








^ 














A5 — 


" 






A4 




















A3— 






HI 








A2 — 


8 




r- X 

2^ 






















Ai — 


Q 

V) 




5eP 








Ao — 






3 
s 








__^ 


OUTPUT 








C«1 


CS^ 


BUFFER 
















_ 












_J 
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Final Data Sheet Information Will Be Available In Second Quarter 1976. 



3605, 3625 FAMILY 






Absolute Maximum Ratings* 

Temperature Under Bias -65°C to +125°C 

Storage Temperature -65°C to +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -IV to 5.5V 

Output Currents 100mA 

Programming Only: 

Output or Vcc Voltages 13V 

CS-i Voltage 15.5V 

Vcc Current 600mA 

CSi Current 150mA 



^'^&trkJ^^>^^^'''^ & fiii,, 






'COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 



I 



D. C. Characteristics: ah Limits Apply for V(;c= +5.0V ±5%, T^= 0°C to +75°C 




Parameter 


Limits 




Symbol 


Min. 


Typ.ni 


Max. 


Unit 


Test Conditions 


Ifa 


Address Input Load Current 




-0.05 


-0.25 


mA 


Vcc=5.25V,Va=0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


Vcc=5.25V, Vs=0.45V 


Ira 


Address Input Leakage Current 






40 


ma 


Vcc=5.25V, Va = 5.25V 


Irs 


Chip Select Input Leakage 
Current 






40 


ma 


Vcc=5.25V,Vs=5.25V 


VCA 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


Vcc=4.75V,lA=-10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


Vcc=4.75V, ls=-10mA 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


Vcc=4.75V,loL=15mA 


IcEX 


3605 Output Leakage Current 






100 


ma 


Vcc=5.25V,VcE=5.25V 


Ice 


Power Supply Current 




110 


150 


mA 


Vcci = 5.25V, Vao->Va9=OV, 
CSi=CS2=0V 


VlL 


input "Low" Voltage 






0.85 


V 


Vcc=5.0V 


V|H 


Input "High" Voltage 


2.0 






V 


Vcc=5.0V 


3625, 3625-1 ONLY 


Symbol 


Parameter 


Min. 


Typ.ni 


Max. 


Unit 


Test Conditions 


Hoi 


Output Leakage for High 
Impedance Stage 






100 


ma 


Vo = 5.25V or 0.45V, 
Vcc=5.25V,CSi =CS2=2.4V 


Isct21 


Output Short Circuit Current 


-15 


-25 


-60 


mA 


Vcc = 5.00V,Ta=25°C, 
Vo=OV 


VOH 


Output High Voltage 


2.4 






V 


l0H=-2.4mA, Vcc = 4.75V 



NOTES: 1. Typical values are at 25° C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3605, 3625 FAMILY 






""^fniritk^ii'f'Jim^ ii,,^^, 



A. C. Characteristics vcc = +5v ±5%, Ta = o°c to +75°c 





Para meter 


Max. Limits 


Unit 




Symbol 


3605-1 
3625-1 


3605 
3625 


Conditions 


tA++,tA-- 
tA+-,tA-+ 


Address to Output Delay 


50 


70 


ns 


CSi=CS2=V,L 

to select the 


ts++ 


Chip Select to Output Delay 


25 


30 


ns 


PROM. 


ts- 


Chip Select to Output Delay 


25 


30 


ns 





Capacitance '^^ Ta = 25°c, f = 1 mhz 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


PF 


Vcc = 5V V,N=2.5V 


C|NS 


Chip-Select Input Capacitance 


6 


10 


PF 


Vcc = 5V V,N = 2.5V 


Cqut 


Output Capacitance 


7 


12 


pF 


Vcc = 5V VouT=2.5V 


NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 

Switching Characteristics 



Conditions of Test: 

Input pulse amplitudes - 2.5V 
Input pulse rise and fall tinnes of 

5 nanoseconds between 1 volt and 2 volts 


15mA TEST LOAD 




Vcc 
1 30on 


Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 




isOpF 


1 600^2 



Waveforms 



ADDRESS TO OUTPUT DELAY 



ADDRESS 
INPUT 



OUTPUT 






OUTPUT 



1.5vV 



\ 



J^I.SV 



CHIP SELECT TO OUTPUT DELAY 



CSi,CS2 



1.5v\ 



OUTPUT 
tc. 



\-1.5V 



jF 



^cr 
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int^l ROM and PROM Programming Instructions 



I. ROM and PROM Truth Table Format 

Programming information should be sent in the form of computer punched cards or punched paper tape. When using the 7600C 
or l\^CS programmers, punched paper tape should be used. In all cases, a printout of the truth table should be accompanied with 
the order. 
The following general format is applicable to the programming information sent to Intel: 

1. A data field should start with the most significant bit and end with the least significant bit. 

2. The data field should consist of P's and N's. A P is to indicate a high level output (most positive) and an N a low level output 
(most negative). If the programming information is sent on a punched paper tape, then a start character, B, and an end charac- 
ter, F, must be used in the data field. 

A. PUNCHED CARD FORMAT 

An 80 column Hollerith card (preferably interpreted) punched by an IBM 026 or 029 keypunch should be submitted. The 
first card will be a title card. The format is as follows: 



I 



1. Title Card 



TITLE CARD 
DESIGNATION 



CUSTOMER'S 
COMPANY NAME 



CUSTOMER'S 
DIVISION OR 
LOCATION 



DECIMAL NUMBER INDICATING 
THE TRUTH TABLE NUMBER 
NO. OF OUTPUTS 
4 or 8 
INTEL 
P/N 

CUSTOMER'S 
P/N 



r- 



I II II I 
I III III 

|00 00|||00 000|CO 010 00 000 00 

1 1 1 1 1 1 M I n 1 1 1 1 1 1 II 1 1 1 n 1 1 M I M 

|33]]]3:)]|3||3]33|33|]333333}3 

sssssss&s|sissss|ssnssssssissi 
(((((e(s(((e(((|((c(((|6ce((((( 

1111 itr, 111 numiiimtinni 

(MMS|Beiill8llil8llllit8lllll 

398 5 .5119 9 iSM|99|939 991899 3939 

» ',":..|p;" 



I I I I I II II 
I II I 

00|0O|O000000000O0O0 

in|ii|i ii|i|ii|'ii 1 1 

33333|33||3333|3|333 
SSSS|S5SSSSS$nS9SSS 

11111111111111111111 
iiiiiiMOiiniitii 

99999999999|99399|99 



I 
O0000O0O00HOOOO0O|00O00OOO|1 

iiiinni Mil II 1 11 1 1 

33333333|333333||3333333333 
444|44444444|44444444 

SSSSSSSSSS|SSSSSSSS|9|SSS$S 
( II t ( ( ( S C U ( e S 6 S E ( S S ( S 5 8 ( S i e 

111111111111111111111111111 

888Blte8eB888888i0B|||B8888 

999)99999319999998993999999 



Column 


Data 


1 


Punch a T 


2-5 


Blank 


6-30 


Customer Company Narm 


31-34 


Blank 


35-54 


Customer's Company Division or location 


55-58 


Blank 


59.63 


Customer Part Number 


64-67 


Blank 


68-74 


Punch the Intel 4 digit basic part number and 




in the number of output bits, e.g. 1702 (8), 




3304 (8). 3301 (4). or 3601 (4). 


75-78 


Blank 


79-80 


Punch a 2 digit decimal number to identify 




the truth table number. The first 




truth table will be 00, second 01, third 




03, etc. 



2. For a N words x 4 bit organization only, cards 2 
and the following cards should be punched as shown: 
Each card specifies the 4 bit output of 14 words. 



DECIMAL WORD 
ADDRESS BEGINNING 
EACH CARD 

,_JL_,, 



MSB— 1 

14 DATA FIELDS 
I 



DECIMAL NUMBER 

INDICATING THE 

TRUTH TABLE NUMBER 



^X 



) ^■Uf^U MtlhM FFPF NMMP FFNti hMFP PFPh FtlFli F-FHH IlFFF' FUMM FFFF htiF-F' F'llMF' 



nil nil nil 

nnioooooooooooooooo 
II 1 1 II 1 1 1 1 1 1 11 1 1 II 11 1 
muuniiiunnm 

3]]3333333333333333 
44444444444444(4444 

SSSSSiSlSlSlllliSSi 
;((((ii8E(SEe(8l(i(6( 

/ni.M|r|;:;.';;:||||i 

B8B88ieBB8BB8BBBBS88B 

9?9;i9 JS9989999939999 
■ '" '"'"''■liiiJ 



nil nil nil iiii nil iiii iiii iiii nil nil nil 

000 00 00000 0100000 0000000000 oooooo 000 osoo 000 00 000 00000 oooon 

11111111111111111111111111111111111111111111111111111111 

niujiuuimuiiiiiuuimuunmnimuminniui 

3 3 3 3 3 3 3 3 3 3 3:33333333333333333333333333333333333333333333333 
44444(1111 :<<<44444444{444444444444444444444444444444444444 
lllK.^^IMIibHiSlSilSlSSillilSSSSSlllS'jSSiSlliSSSllSSSSiS 

(e(((EbUbe8((((i(s((e(uc:it((((tCCoeii8oeieEeit(e((Ee(e8( 
;:.-|.'llJ.wi;lliill;;lrl;/llnnlll/l/n/lin/nll;l/il(/r:; 

18 B BE BI8 t EB(EIBB888BBB8BIBt 8 888 BBBSBB 88 8 88 8 188888 8 88 8808 881 

8 S "H 9 9 9 : 9 J 3 9 5 J 9 9 8 9 9 9 5 9 ? 9 9 9 9 9 9 9 9 9 9 9 9 5 9 9 ? 9 9 9 9 9 8 9 9 9 9 9 9 9 1 8 S 9 8 9 9 



Column 


Data 


1-5 


Punch the 5 digit decimal equivalent of the 




binary coded location which begins each 




card. The address is right justified. I.e., 




00000, 00014. 00028, etc. 


6 


Blank 


7-10 


Data Field 


11 


Blank 


12-15 


Data Field 


16 


Blank 


17-20 


Data Field 


21 


Blank 


22-25 


Data Field 


26 


Blank 


27-30 


Data Field 


31 


Blank 


32-35 


Data Field 


36 


Blank 


37-40 


Data Field 


41 


Blank 


42-45 


Data Field 


46 


Blank 


47-50 


Data Field 


51 


Blank 


52-55 


Data Field 


56 


Blank 


57-60 


Data Field 


61 


Blank 


62-65 


Data Field 


66 


Blank 


67-70 


Data Field 


71 


Blank 


72-75 


Data Field 


76-78 


Blank 


79-80 


Punch same 2 digit decimal number as In 




title card. 
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3. For a N words x 8-bit organization only, cards 2 and the following cards 
should be punched as shown. Each card specifies the 8-bit output of 8 words. 



DECIMAL WORD ^ 

ADDRESS BEGINNING 
EACH CARD 



frif-iiiit«nti FFFFfttihf 



(-LSB 
8 DATA FIELDS 



DECIMAL NUMBER 

INDICATING THE 

TRUTH TABLE NUMBER 



lHf.nF^ F+Ft(hFFt1 F>rittMf-FF flttfihriF Ff ■ riflFFMMtlF FnilFFttffF- 



iiiiiiii iiiiiiii iiiiiiii iiiiiiii iiiiiiii 

IIIIIO 1 1 1 

I II III I M 1 1 ii 1 1 1 II I I'n'i I'l MM! mil II II I nil 

3]]3]n]]]J]n3]3}33]33]]]]jjn3]}J3333}33]33]]33]] 



IIIIIIII IIIIIIII IIIIIIII 

(1 1; p c c 1 
I II 1 1 1 II 1 1 1 1'l I II II 1 1 1 

333333333333333333333333333: 



444 



4444 



iSSS^SSlSlllllSSSSilllS^Sllll.'o.S^llnliSSlll: 

, ( M u c u i i e ( E u i ( ( E s ( e n 1 1 c b e i b t i ( i ( ; e i [ ( e ( e ( b « ( 
; / / M /|;|; : ; ." :||||; : ;|;||; : ; ,'llf lllnllMll; / rill; 

ItiJIiiMficeMitlltaiMScMlieinilllliSIIMSIIoii 

? « , , , ', i . s 1 •. ( i >. •; >: •; n n Ii 5.i 5 '1 M » M s 8 » s n in 9 ■! S ■) 5 1 5 < '• , 



IllllinsilsilllbSilliSliss: 

6 ( ( c I > t e 6 b i t •. s c ; ; b c 6 E e s i I 
////lirMll///l;l;/ll/;l; 

e M s a a M s M i e e t M E t ! t b ( e H 



Column 


Data 


1-5 


Punch the 5 dfgJt decimal equivalent of the 




binary coded location which begins each 




card. The address Is right justified, i.e., 




00000. 00008, 00016. etc. 


6 


Blank 


7-14 


Data Field 


15 


Blank 


16.23 


Data Field 


24 


Blank 


25-32 


Data Field 


33 


Blank 


34-41 


Data Field 


42 


Blank 


43-50 


Data Field 


51 


Blank 


52-59 


Data Field 


60 


Blank 


61-68 


Data Field 


69 


Blank 


70-77 


Data Field 


78 


Blank 


79-80 


Punch same 2 digit decimal number as in 




title card. 



B. PAPER TAPE FORMAT 

The paper tape which should be used is 1" wide paper tape using 7 or 8 bit ASCII code, 
such as a model 33 ASR teletype produces. 

BPNF Format 

The format requirements are as follows: 

1. All word fields are to be punched in consecutive order, starting with word field (all addresses low). There must be exactly 
N word fields for the N x 8 or N x 4 ROM organization. 

2. Each word field must begin with the start character B and end with the stop character F. There must be exactly 8 or 4 
data characters between the B and F for the N x 8 or N x 4 organization respectively. 

NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A WORD FIELD. If in preparing 
a tape, an error is made, the entire word field, including the B and F must be rubbed out. Within the word field, a P results 
in a high level output, and an N results in a low level output. 

3. Preceding the first word field and following the last word field, there must be a leader/trailer length of at least 25 characters. 
This should consist of rubout punches (letter key for Telex tapes) 

4. Between word fields, comments not containing B's or F's may be inserted. Carriage return and line feed characters should 
be inserted (as a "comment") just before each word field (or at least between every four word fields). When these carriage 
returns, etc. are inserted, the tape may be easily listed on the teletype for purposes of error checking. The customer may 
also find it helpful to insert the word number (as a comment) at least every four word fields. 

5. Included in the tape before the leader should be the customer's complete Telex or TWX number and if more than one pattern 
is being transmitted, the ROM pattern number. 

6. MSB and LSB are the most and least significant bit of the device outputs. Refer to the data sheet for the pin numbers. 



Example of BPNF 256 x 8 format (N = 256): 

Start Character -i Stop Character -i 



Data Field 



Leader: Rubout Key 
for TWX and Letter 
Key for Telex (at least 
25 frames). 



MSB 

* 



LSB 



t i I I . 

BPPPNNNNNFBNNNNNNPPF...BN PNPPPNNF 

_ii _, I I_ 



1 

Word Field 



Word Field 1 



Word Field 255 



Trailer: Rubout Key 
for TWX and Letter 
Key for Telex (at least 
25 frames). 



Example of 51 2 x 4 format (N = 51 2): 
Start Character 



Leader: Rubout Key 
for TWX and Letter 
Key for Telex (at least 
25 frames). 



-I Stop Character 

B P N P N F 

ji 



Data Field 

BN N N N F 



_l L. 



] 1 " r 

Word Field Comment Word Field 1 

(See Section 
B-4) 



MSB LSB 

i i 

,B PPP P F 

' 1 ' 

Word field 1023 



Trailer: Rubout Key 
for TWX and Letter 
Key for Telex (at least 
25 frames). 



3-56 



ROM/PROM PROGRAMMING INSTRUCTIONS 



I I. MOS PROM ERASING PROCEDURE 

The 1702A, 1702AL, 2704, and 2708 is erased by exposure to high intensity short wave ultraviolet light at a wavelength of 
2537 A. The recommended integrated dose (i.e., VV intensity x exposure time) is 6W-sec/cm2 for the 1702A/1702AL and 
10W-sec/cm2 for the 2704/2708. An example of an ultraviolet source which can erase the 1702A/1702AL in 10 to 20 minutes or 
the 2704/2708 in 20 to 30 minutes is the Model S52 short wave ultraviolet lamp. The lamp should be used without shortwave 
filters and the PROM should be placed about one inch away from the lamp tubes. 

Two manufacturers of the S52 are Ultra-Violet Products, Inc. (San Gabriel, Calif.) and Product Specialties, Inc. (Issaquah, 
Washington). 

III. MOS PROM PROGRAMMING INSTRUCTIONS 

A. 1702A and 1702AL Family 

Initially, all 2048 bits of the PROM are in the "0" state (output low). Information is introduced by selectively programming "l"s 
(output high) in the proper bit locations. 

Word address selection is done by the same decoding circuitry used in the READ mode. All 8 address bits must be in the binary 
complement state when pulsed Vcc and Vqg move to their negative levels. The addresses must be held in their binary complement 
state for a minimum of 25jusec after N/qd and Vqg have moved to their negative levels. The addresses must then make the transi- 
tion to their true state a minimum of lOjUsec before the program pulse is applied. The addresses should be programmed in the 
sequence through 255 for a minimum of 32 times. The eight output terminals are used as data inputs to determine the informa- 
tion pattern in the eight bits of each word. A low data input level (-48\/) will program a "1" and a high data input level (ground) 
will leave a "0". All eight bits of one word are programmed simultaneously by setting the desired bit information patterns on the 
data input terminals. 



1 



During the programming, S/qq, 
nections during programming. 



Vdd and the Program Pulse are pulsed signals. See page 2 of the data sheet for required pin con- 



1702A, 1702AL 
D.C. and Operating Characteristics for Programming Operation 

Ta = 25° C, Vcc = OV, Vbb = + 12V ±10%, CS = OV unless otherwise noted 



Symbol 


Test 


Min. 


Typ. 


Max. 


Unit 


Conditions 


'liip 


Address and Data Input Load Current 






10 


mA 


V|N = -48V 


IlI2P 


Program and Vqg Load Current 






10 


mA 


V,N = -48V 


IbbI^I 


Vbb Supply Load Current 




10 




mA 




lDDpt2l 


Peak Idd Supply Load Current 




200 




mA 


Vdd = Vprog=-48V, 
Vgg = -35V 


ViHP 


Input High Voltage 






0.3 


V 




ViLIP 


Pulsed Data Input Low Voltage 


-46 




-48 


V 




V|L2P 


Address Input Low Voltage 


-40 




-48 


V 




V|L3P 


Pulsed Input Low Vqd and 
Program Voltage 


-46 




-48 


V 




V|L4P 


Pulsed Input Low Vqg Voltage 


-35 




-40 


V 





Notes: 1. The Vbb supply must be limited to 100mA max. current to prevent damage to the device. 

2. IdDP f 'o^s only during VqD' Vqg o" ^'"^16. IddP should not be allowed to exceed 300mA for greater than 1 0O/usec. Average 
power supply current IpOP 'S typically 40mA at 20% duty cycle. 
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1702A, 1702AL 

A.C. Characteristics for Programming Operation 

TambIENT = 25° C, Vcc = OV, Vbb = + 12V ±10%, CS = OV unless otherwise noted 



B 



Symbol 


Test 


Min. 


Typ. 


Max. 


Unit 


Conditions 




Duty Cycle (Vdd/ Vqg) 






20 


% 




t0PW 


Program Pulse Width 




2 


3 


ms 


Vgg=-35V, 

Vdd = Vprog=-48V 


tow 


Data Set- Up Time 


25 






MS 




tpH 


Data Hold Time 


10 






MS 




tvw 


Vdd.Vgg Set-Up 


100 






MS 




tVD 


VDD.VGoHold 


10 




100 


MS 




tACW 


Address Complement Set-Up 


25 






MS 




tACH 


Address Complement Hold 


25 






MS 




tATW 


Address True Set-Up 


10 






MS 




tATH 


Address True Hold 


10 






MS 





PROGRAM WAVEFORMS 

Conditions of Test: 



Input pulse rise and fall times <lMsec 
CS = OV 



PULSED Vdd 
POWER SUPPLY 




PULSED Vqg 
POWER SUPPLY 



PROGRAMMING 
PULSE 
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B. 2708/2704 Family 

Initially, and after each erasure, all bits of the 2708/2704 are In the "1" state (Output High). Infornnation is introduced by select- 
ively programming "0" into the desired bit locations. A programmed "0" can only be changed to a "1" by UV erasure. 

The circuit is set up for programming operation by raising the CS/WE input (Pin 20) to +12V. The word address is selected In the 
same manner as in the read mode. Data to be programmed are presented, 8-bits in parallel, to the data output lines (Oi-Os). 
Logic levels for address and data lines and the supply voltages are the same as for the read mode. After address and data set up 
one program pulse per address is applied to the program input (Pin 18). One pass through all addresses is defined as a program 
loop. The number of loops (N) required is a function of the program pulse width (tpw) according to N x l^w ^ ''00 ms. 

The width of the program pulse is from 0.1 to 1 ms. The number of loops (N) is from a minimum of 100 (tpw = 1 ms) to greater . 
than 1000 (tpw = 0.1 ms). There must be N successive loops through all 1024 addresses. It is not permitted to apply N program 
pulses to an address and then change to the next address to be programmed. Caution should be observed regarding the end of a 
program sequence. The CS/WE falling edge transition must occur before the first address transition when changing from a program 
to a read cycle. The program pin should also be pulled down to V|lp with an active instead of a passive device. This pin will source 
a small amount of current (I|pl) when CS/WE is at V|hw (12V) and the program pulse lsatV|Lp. 

Programming Examples (Using N x tpw > 100 ms) 

Example 1 : All 8096 bits are to be programmed with a 0.5 ms program pulse width. 

The minimum number of program loops is 200. One program loop consists of words to 1023. 

Example 2: Words to 100 and 500 to 600 are to be programmed. All other bits are "don't care". The program pulse width 
Is 0.75 ms. 

The minimum number of program loops is 133. One program loop consists of words to 1023. The data entered 
into the "don't care" bits should be all 1 's. 

Example 3: Same requirements as example 2 but the PROM is now to be updated to include data for words 750 to 770. 

The minimum number of program loops is 133. One program loop consists of words to 1023. The data entered 
into the "don't care" bits should be all 1's. Addresses to 100 and 500 to 600 must be re-programmed with their 
original data pattern. 



I 
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2704, 2708 

PROGRAM CHARACTERISTICS 

Ta = 25° C, Vcc = 5V ±5%, Vdd = +12V ±5%, Vbb = -5V ±5%, Vss = OV, Unless Otherwise Noted. 



D.C. Programming Characteristics 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Ili 


Address and CS/WE Input Sink Current 






10 


MA 


V,N = 5.25V 


'iPL 


Program Pulse Source Current 






3 


mA 




'iPH 


Program Pulse Sink Current 






20 


mA 




'dd 


Vdd Supply Current 




50 


65 


mA 


Worst Case Supply Currents: 


Ice 


Vcc Supply Current 




6 


10 


mA 


All Inputs High 


'bb 


Vbb Supply Current 




30 


45 


mA 


CS/WE = 5V;Ta = 0°C 


V|L 


Input Low Level (except Program) 


Vss 




0.65 


V 




V|H 


Input High Level for all Addresses and Data 


3.0 




Vcc+1 


V 




VjHW 


CS/WE Input High Level 


11.4 




12.6 


V 


Referenced to Vss 


V|HP 


Program Pulse High Level 


25 




27 


V 


Referenced to Vss 


V.LP 


Program Pulse Low Level 


Vss 




1 


V 


V|HP - V|LP = 25V min. 



A.C. Programming Characteristics 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


tAS 


Address Setup Time 


10 






/is 


toss 


CS/WE Setup Time 


10 






MS 


tDS 


Data Setup Time 


10 






jLtS 


tAH 


Address Hold Time 


1 






^s 


tCH 


CS/WE Hold Time 


.5 






MS 


tDH 


Data Hold Time 


1 






MS 


tDF 


Chip Deselect to Output Float Delay 







120 


ns 


tDPR 


Program To Read Delay 






10 


MS 


tpw 


Program Pulse Width 


.1 




1.0 


ms 


tpR 


Program Pulse Rise Time 


.5 




2.0 


MS 


tpF 


Program Pulse Fall Time 


.5 




2.0 


MS 



NOTE: Intels standard product warranty applies only to devices programnned to specifications described herein. 
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2704, 2708 
Programming Waveforms 



READ ^ 

(AFTER N 
PROG. LOOPS) 




NOTE 1. THE CS/WE TRANSITION MUST OCCUR AFTER THE PROGRAM PULSE TRANSITION 

AND BEFORE THE ADDRESS TRANSITION. 
NOTE 2. NUMBERS IN ( ) INDICATE MINIMUM TIMING IN pS UNLESS OTHERWISE SPECIFIED. 
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IV. BIPOLAR PROM PROGRAMMING INSTRUCTIONS 

A. Programming the 3601 (or 3601-1) 

The 3601 may be programmed using the basic circuit of Figure 1. Address inputs are at standard TTL levels. Only one output 
may be programmed at a time. The output to be programmed must be connected to Vcc through a 300^2 resistor. This will force 
the proper programming current (3-6mA) into the output when the Vqc supply is later raised to lOV. All other outputs must be 
held at a TTL low level (0.4V). 

The programming pulse generator produces a series of pulses to the 3601 Vqc and CS2 leads. Vqc is pulsed from a low of 
4.5 ± .25V to a high of 10 ± .25V, while CS2 is pulsed from a low of ground (TTL logic 0) to a high of 15 ± 0.5V. It is important 
to accuractly maintain these voltage levels, otherwise, improper programming may result. The pulses applied must maintain a duty 
cycle of 50 ± 10% and start with an initial width of 1 (± 10%) jus, and increase linearly over a period of approximately 100ms to a 
maximum width of 8 (± 10%) jus. Typical devices have their fuse blown within 1 ms, but occasionally a fuse may take up to 400ms. 
During the application of the program pulse, current to CS2 must be limited to 100mA. The output of the 3601 is sensed when 
CS2 is at a TTL low level output. A programmed bit will have a TTL high output. After a fuse is blown, the Vqc and CS2 pulse 
trains must be applied for another 500/xs. The characteristics of the pulse train are shown in Figure 2. 



gndT F cs 



"¥■ 



i 



— 30on 
-A^\ — ^ 



T 



I 



30on 



T 



Figure 1. 3601 Programming. 



a. Vcc 'P"^ '6) 



b.CSj (PIN 14) 



d. PROGRAMMING 
PULSE WIDTH 
(Vcc ANDCS2) vs. 
PROGRAMMING 
TIME 




\r^^JZ, 



/ 



r 



UNPROGRAMMED BIT 



MAXIMUM 8 




100 400 mS t 

PROGRAMMING ELAPSED TIME 

Figure 2. Pulses During Programming. 



PROGRAMMED BIT 



DUTY CYCLE 50+10% 

RISE AND FALL TIMES (MEASURED 

FROM 10 90%POINTSI lOOnSMIN. 

300 nS MAX 

ICD 'CHIP DISABLE HOLD TIME) 

lOOnSMIN. 

PHASE SHIFT BETWEEN Vcc '^^^ 

C%2 50 nS MAX £i) 7 5V. 



B. Programming the 3621, 2K, and 4K Bipolar PROM Families 

The Intel® 3621, 2K and 4K bipolar PROMs families are programmed using the basic circuit of Figure 1. Initially all bits are in 
a logic 1 (high) state. Only one output may be programmed at a time. The programming current (5mA ± 10%) is forced into the 
output to be programmed by a current source. The current should be clamped to Vqc by a silicon diode. All other outputs must 
be allowed to float such that the outputs are allowed to rise one diode above Vqc (12.5V). 

For simplicity of the programming description, reference will be made only to Vcc* however, this term includes both the 
Vcci and Vcc2 ^^ the 4K PROM. There is only one Vqc for the 3621 and 2K PROMs. Programming pulses must be applied to 
both Vcc and CS. A series of pulses is applied to the Vcc and CSi (or CS2 for the 3621) leads as shown in Figure 2a and 2b re- 
spectively. The pulse applied must maintain a duty cycle of 50 ± 10% and start with an initial width of 1 (±10%) jus, and Increase 
linearly over a period of approximately 100ms to a maximum of 8 (±10%) [x%. Typical devices have their fuse blown within 1ms, 
but occasionally_a^fuse may take up to 400ms. During the application of the program pulse, the Vcc current must be limited to 
600mA and the CSi current to 1 50mA. A programmed bit will have a TTL low level. After a fuse is blown, the Vcc and CSi pulse 
trains must be applied (the pulse width still linearly increasing to a maximum of Sjus) for another SOOjus. 
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NOTE: 

The example shows Oi being 
programmed and the un- 
programmed outputs floating. 



NOTES: 

1. FOR THE 3621 FAMILY ONLY, THE PROGRAM PULSE 
MAY BE APPLIED TO EITHER CSi OR CS2. 

2. CS3, CS4 ARE ONLY FOR THE 4K PROM. 



Figure 1. 3621, 2K, and 4K Bipolar PROM 
Family Programmer. 



a. Vcc <3621,2K)oi 



C. SENSED OUTPUT 




r. 



d. CS,ANDVcc/(Vcc,. 

Vec,) PROGRAMMING p.^^.^^^^Q 
PULSE WIDTH VERSUS pulSE WIDTH (p, 
PROGRAMMING TIMING 

MINIMUM 1 




PROGRAMMING TIME (msec) 



NOTES: 

1. Duty cycle : 50 • 10%. 

2. Rise and fall time (measure 
from 10% to 90% points): 
100ns min.. 300ni max. 

3. tcD (chip disable hold time): 
lOOnsmin. 

4. Phase sh^t between the nsmg 
edge of CSi and Vcc ' 
(Vcci and Vcc2)- 

50ns max. (318.5V. 



Figure 2. Pulses During Programming. 



IV. UNIVERSAL PROM PROGRAMMER 

Available from Intel MCS Department. 

■ PROM Programming peripheral capable of 
programming the following Intel PROMs: 
1702A, 2704, 2708, 3601, 3604, 3624, 
8702A, 8704A, and 8708 families. 

■ Personality cards used for specific Intel PROM 
programming requirements. 

■ Zero insertion force sockets for both 16-pin 
and 24-pin PROMs. 



Flexible power source for system logic and 
programming pulse generation. 

PROM programming verification facility. 

Stand alone or rack mountable. 

Fully compatible with the Intellec® MDS 
Microcomputer Development System. 



The Universal PROM Programmer is capable of programming and verifying the following Intel® PROMs: 1702A, 2704, 
2708, 3601, 3604, 3624, 8702A, 8704, and 8708 families. It is a peripheral device which interfaces with a suitable control de- 
vice such as the Intellec® MDS microcomputer development system. The control device transfers commands, memory ad- 
dresses, control information and data to the PROM Programmer enabling it to program or read a particular PROM. 

The Universal PROM Programmer consists of a controller module, two personality card sockets, front panel, power supplies, 
chassis, and when used with the Intellec MDS a suitable interconnection cable. 

An Intel® 4040 based intelligent controller monitors the interface to the control device and supervises the command genera- 
tion and data transfer interface between the selected PROM personality card and the control device. The 4040 CPU operates 
in conjunction with a fixed central control program residing in an Intel® 4001 ROM. Each Intel® PROM to be programmed is 
driven by a unique personality card which contains the appropriate pulse generation functions and driver circuitry. Hence, 
programming and verifying any Intel® PROM may be accomplished by selecting and plugging in the appropriate personality 
card option. The front panel contains a power-on switch and indicator, reset switch, and two zero-force insertion sockets 
(one 16-pin and one 24-pin or two 24-pin). A central power supply provides regulated power for system logic and ±40 and 
+70 volts for PROM programming pulse generation. 

When used with the Intellec® MDS PROM programming commands are initiated from the Intellec® MDS system console and 
are implemented by programs in the Intellec® MDS. The desired PROM image is loaded into Intellec® MDS RAM through a 
user selected input medium (e.g., TTY, diskette drive, high speed paper tape reader). Next, the PROM programming command 
Is issued specifying the location of the programming data, the socket option, the "nibble" option (upper or lower four bits of 
an 8-bit RAM data byte), and PROM starting address. The PROM programming algorithm programs each specified PROM lo- 
cation, compares the resulting PROM word with the source data, and regenerates program pulses when necessary. The Intellec® 
MDS system monitor contains a compare feature which allows specified sections of programmed PROM to be compared with 
MDS resident RAM. A transfer feature which can be used to copy the contents of a PROM to MDS RAM for PROM duplica- 
tion is also included. 

The Universal PROM Programmer may be used as a table top unit or mounted in a standard 19" RETMA cabinet. 
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4 





SERIAL MEMORIES 





Type 


No. 
Of 
Bits 


Description 


Eiectricai Characteristics Over Temperature 




Data Rep. Rate 


Power 

Dissipation 

IVIax.[1] 


Input 
Output 
Levels 


Cioci( 
Levels 


Supplie8[V] 


Page 
No. 




Min. 


Max. 


CO 

o 

S 

UJ 

z 

O 
O 

Ij 

(0 


1402A 


1024 


Quad 256-Bit Dynamic 


10kHz 


5MHz 


500mW 


TIL 


MOS/TTL 


5, -5 or 5, -9 


4-3 


1403A 


1024 


Dual 512-Bit Dynamic 


10kHz 


5MHz 


500mW 


TTL 


MOS/TTL 


5, -5 or 5, -9 


4-3 


1404A 


1024 


1024-Bit Dynamic 


10kHz 


5MHz 


500mW 


TIL 


MOS/TTL 


5, -5 or 5, -9 


4-3 


1405A 


512 


Dynamic Recirculating 


10kHz 


2MHz 


400mW 


TTL 


MOS/TTL 


5, -5, or 5. -9 


4-7 


2401 


2048 


Dual 1024-Bit Dynamic 
Recirculating 


25kHz 


1MHz 


350mW 


TTL 


TTL 


+5 


4-11 


2405 


1024 


1024-Bit Dynamic Recirculating 


25kHz 


1MHz 


350mW 


TTL 


TTL 


+5 


4-11 


2416 


16.384 


CCD Serial Memory 


125kHz 


2MHz 


300mW 


TTL 


MOS 


+12, -5 


4-15 



Note: Power Dissipation calculated with maximum power supply current and nominal supply voltages. 
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Intel 



1402A, 1403A, 1404A 



1024 BIT DYNAMIC SHIFT REGISTER 



Guaranteed 5 MHz Operation 
over Temperature Range 

Low Power Dissipation -.1 mW/bit 
atliVIHz 

DTL,TTL Compatible 

' Low Clock Capacitance — 140 pF 

Low Clock Leakage - < 1 ^A 



- Inputs Protected Against Static 
Charge 

■ Standard Packaging - 8 Lead 
Metal Can, 16 Pin Ceramic 
Dual In-Line 

■ Three Standard Configurations - 
Quad 256 Bit - 1402A, Dual 512 
Bit -- 1403A, Single 1024 Bit - 
1404A 



The 1402A/1403A/1404A are direct pin for pin replacements for the 1402/1403/1404. Due to "on chip" 
multiplexing the data rate is twice the clock rate. Data is shifted one bit on each clock pulse (both 0-| and 02)- 

The 1402A/1403A/1404A family is ideally suited for usage in low cost serial memories or delay line appli- 
cations. A high speed data rate of 5 MHz is easily obtained at the power supplies of +5V and -5V. The 
1402A/3A/4A are capable of operating at the power supply voltages of +5\/, — 9V as well as +5V, -5V. 

The input to the shift register can be driven directly by standard bipolar integrated circuits (TTL, DTL, etc.). 
The design of the output stage provides driving capability for both MOS and bipolar IC's. 

Use of low threshold silicon gate technology allows high speed (5 MHz guaranteed) while reducing power 
dissipation by a factor of two and clock input capacitance by a factor of three compared to equivalent 
products manufactured by conventional technologies. 



OUTPUT ICH 


1 


16 


ZDIN 4 




Nccz: 


2 


15 


:=:iNC 




IN t£^ 


3 


14 


::i]OUT 


4 


icz: 


4 


13 


:zDNC 




"Jcc^ 


5 


12 


^Vo„ 




OUT 2CZ 


6 


11 


Z=1(Z) 2 




NCCH 


7 


10 


ZZllN 3 




IN 2CZ 


8 


9 


ZZJOUT 


3 


CI 


402A/P140 


2A 





PIN CONFIGURATION 





Vdd 






Vdd 




OUTl(?f 


4Vk 


^7)0 2 


NC(Tf 


J(^ 


Xz)^2 


INl(2) 




(6)lN2 


iNm 




©NC 


01(3)^ 


-0- 

Vcc 


j[?)0UT2 


01(3)^ 


Vcc 


j^OUT 



M1403A 



M1404A 
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1402A, 1403A, 1404A 



Absolute Maximum Ratings 



(1) 



Temperature Under Bias 
Storage Temperature 
Power Dissipation^^' 



0°C to 70°C 
-65° C to +160°C 
1 Watt 



Data and Cloci< Input Voltages 
and Supply Voltages with 



respect to Vqq 



+0.5V to -20V 



D-C. Characteristics T^ = 0°C to 70°C, Vcc = +5V ±5%, unless otherwise specified 



SYMBOL 


TEST 


MIN. 


TYpO) 


MAX. 


UNIT 


CONDITIONS 


'li 


Input Load Current 




<10 


500 


nA 


T^ =25° C 


'lo 


Output Leakage Current 




<10 


1000 


nA 


VouT=0-0V,T^=25OC 


•lc 


Clock Leakage Current 




10 


1000 


nA 


Max. V,Lc,T^=250C 


V,L 


Input "Low" Voltage 


Vcc-10 




Vcc -4.2 


V 




V,H 


Input "High" Voltage 


Vcc-1.5 




Vcc+-3 


V 





'ddi 


Power Supply Current 




40 


50 


mA 


T^=25°C 
Tc=0°C _ 


Output at Logic "0", 
5 MHz Data Rate, 
-33% Duty Cycle, 
Continuous Operation, 
V,LC=Vcc-17V 


'dd2 


Power Supply Current 


56 


mA 


V,LC 


Clock Input Low Voltage 


Vcc -17 




Vcc-15 


V 




V,HC 


Clock Input High Voltage 


Vcc-1 




Vcc+-3 


V 




Vol 


Output Low Voltage 




-.3 


0.5 


V 


\r^KtoV^^,\^^=^.6^^A 


VoH, 


Output High Voltage 
Driving TTL 


2.4 


3.5 




V 


RLi=3KtoVoj3JoH=-100MA 


VoH2 


Output High Voltage 
Driving MOS 


Vcc-1.4 


Vcc-1 




V 


RL2=4.7KtoVj3j3 

(See p. 6 for connection) 



-9V±5% 



'dD3 


Power Supply Current 




30 


40 


mA 


Tc=0°C_ 


Output at Logic "0", 
3 MHz Data Rate, 
-26% Duty Cycle, 
Continuous Operation, 


'dD4 


Power Supply Current 


45 


mA 


V,LC=Vcc-14.7V 


V,LC 


Clock Input Low Voltage 


Vcc-14.7 




Vcc -12.6 


V 




V,HC 


Clock Input High Voltage 


Vcc-1 




Vcc^-3 


V 




Vol 


Output Low Voltage 




-.3 


0.5 


V 


RLi=4.7KtoVt,DJoL=1-6^A 


Vqh, 


Output High Voltage 
Driving TTL 


2.4 


3.5 




V 


RLr4.7KtoVo^3,loH=-100MA 


^0H2 


Output High Voltage 
Driving MOS 


Vcc-1.4 


Vcc-1 




V 


Rl2 =6.2K to Vdd 
RL3=3.9KtoVcc_ 


(See p. 6 for 
connection) 



Note 1: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

Note 2: The 1 watt dissipation is not to be construed as an operating rating (see note 1). For operating at elevated temperatures the device must 
be derated based as shown on page 3. When operating at Vqq = — 5\/+5% the maximum duty cycle is 33% and at \/QQ = -9V+5%the 
maximum duty cycle is 26%. In applications the duty cycle should be a minimum to reduce power dissipation. Duty cycle = [t^py^ 
+ y2(tp + tp)]x clock rate. 

Note 3: Typical values are at T^ = 25°C and at nominal voltages. 
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1402A, 1403A, 1404A 



A. C. Characteristics t. = o°c to 7o°c; v^^ = +5v +5% 



SYMBOL 


TEST 


V^^=-5V±5% 
(Test Load 1) 


V^^=-9V±5% 
(Test Load 2) 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


Frequency 


Clock Rep Rate 




2.5 




1.5 


MHz 


Frequency 


Data Rep Rate 


Notel 


5.0 


Note 1 


3.0 


MHz 


%P\N 


Clock Pulse Width 


.130 


10 


.170 


10 


usee 


ho 


Clock Pulse Delay 


10 


Note 1 


10 


Note 1 


nsec 


tR'tp 


Clock Pulse Transition 




1000 




1000 


• nsec 


'ow 


Data Write Tinne (Set Up) 


30 




60 




nsec 


«DH 


Data To Clock Hold Time 


20 




20 




nsec 


V+-'a. 


Clock To Data Out Delay 




90 




110 


nsec 



CAPACITANCE^^) Vcc= +5V ±5%, Vdd= -5V ±5% or -9V ±5%, T^ = 25°C 



SYMBOL 


TEST 


TYP. 


MAX. 


CONDITIONS 


C.N 


Input Capacitance 


5pF 


10 pF 


V,N=Vcc 


f = 

'1 MHz 


^OUT 


Output Capacitance 


5pF 


lOpF 


Vqut = Vcc 


C0 


Clock Capacitance 


IIOpF 


140 pF 


V0 = Vcc 


C0102 


Clock to Clock Capacitance 


11 pF 


16 pF 


V0 = Vcc 



Note 1: See page 5 for guaranteed curve. Note 2: This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 



Conditions of Test 

Input rise and fall times: 10 nsec 
Output load is 1 TTL gate 



Timing Diagram 



TEST LOAD 1 



I' 



TOTAL" 



lOpF 



Vnn= -5V±5% 



TEST LOAD 2 



o 



T 



Vnn=-9V±5% 




*tDy^and tpH same for 1^2 **N = 256 for 1402A, N = 51 2 for 1403A, N = 1024 for 1404A 



OUT BIT 1 OUT BIT 2 
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1402A, 1403A, 1404A 



Typical Characteristics 



POWER DISSIPATION /BIT VS SUPPLY VOLTAGE 



POWER DISSIPATION /BIT VS CLOCK AMPLITUDE 



SPECIFIED OPERATING 

VOLTAGE RANGE 

DATA RATE OF 5 MMi 

V.LC-^CC--"" 


1 1 1 

SPECIFIED OPERATING 

VOLTAGE RANGE ~ 

DATA RATE » 3 MHz 

v,LC-Vcc--i'»'V 




1 


l*^ 


^ 


Ta = CC 
Ja = 25°C 


T..o4 

1 

Ta-25<'C 


■:-- 






1 


^ 




,Ta 


-70°C 


^^^ 


1- 






1 


K^ 








Fa » TO'C 


^^^ 






1 


















-^<> 


1 



















"T~ 



"T~ 



SPECIFIED OPERATING SPECIFIED OPERATING 

CLOCK AMPLITUDE RANGE CLOCK AMPLITUDE RANGE 

DATA RATE - 3 MHz DATA RATE OF 5 MHz - 

26% DUTY CYCLE 33% DUTY CYCLE 

Vqd - Vrc = -14-7V Vdd - V-c = -10.5V 



-9 -10 -11 -12 -13 -14 -15 -16 

Vdd-Vcc (VOLTS) 

IpD CURRENT VS DATA RATE 




MAXIMUM DATA RATE VS 
CLOCK AMPLITUDE 



1 1 

33% CONSTANT DUTY CYCLE 














/ 


26% 


CONSTANT DUTY 


CYCLE 


/ 


CON 

V.LC 
VoD 


STANT PULSE Wl 

- 170 ni 
-Vcc--147V 

»-9V 


)TH: *'^ 


/ 






T^ - 25<'C 




r 

--CONSTANT P 
Vpw-130n, 

V,LC-Vcc"- 
Vdd=-5V 


JLSE Wl 
17V 


[JTI- 

1 
1 1 





100 KHz 
DATA RATE 




MINIMUM OPERATING DATA RATE OR MAXIMUM 
CLOCK PULSE DELAY VS TEMPERATURE 



IK 

I 400 

y. 100 
< 95 

K 

I 10 























GVJftS 


^0^ 


--- 


-^ 




_.^- 


^^m-' 








^^ 










riSiSti 








^ 


' 


















Vd 


o-=-5V 


OR 










Vo 


„-. 





10 20 25 30 40 50 60 70 

AMBIENT TEMPERATURE (°C) 



DTL/TTL MOS Interfaces 



I> 



IN 1402A/3A/4A OUT 



01 02 Vdd 



V|HC "IP "I r ^'"^ 

V.LC LJ LJ V|LC <^ 



^CC 

IN 1402A/3A/4A OUT 

01 02 Vdd 



o- 



Rl Load Resistor Values 
for Different Vqq Supplies 





Vcc=5V 
Vdd=-5V 


Vcc=5V 
Vdd=-9V 


Bli 


3.0K 


4.7K 


Hl, 


4.7K 


6.2K 


"US 


Not 
required 


3.9K 
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iny 



1405 A 



512 BIT DYNAMIC 
RECIRCULATING SHIFT REGISTER 



■ High Frequency Operation — 
2 iUIHz Guaranteed over 
Temperature. 

' DTL, TTL Compatible 
• Write/Recirculate and Read 
Controls Incorporated on the Chip 

■ Low Power Dissipation -.3 mW/bit 
at 1 MHz 

" Low Clock Capacitance -85 pF 



• Low Clock Leakage -- 
<1 uA at -17 V 

> Simple Two Dimensional Memory 
Matrix Organization -- 2 Chip 
Select Controls 

> Inputs Protected Against Static 
Charge 

• Standard Packaging -10 Lead 
Low Profile TO-99 



The 1405A is a 512 bit dynamic recirculating shift register and is a direct pin replacement for the 1405. The 
1405A is capable of operating at power supply voltages of +5V, — 9V as well as +5V, — 5V. A high speed 
recirculating data rate of 2 MHz over the temperature is easily obtained at the +5, —5 power supplies. 

Write/recirculate and read controls eliminate the need for external logic elements when recirculating data. In 
addition, any number of devices can be combined to form a multi-dimensional memory array. For this purpose 
two chip select controls have been provided. 

These registers can be driven directly by standard bipolar integrated circuits (TTL, DTL, etc.) or by MOS 
circuits. The design of the output stage provides driving capability for both MOS and bipolar IC's as well as OR- 
tieing of shift registers. The 1405A is ideally suited for usage in low cost memories or delay line applications. 

Use of low threshold silicon gate technology allows high speed (2 MHz guaranteed) while reducing power 
dissipation by a factor of two and clock input capacitance by a factor of three over equivalent products manu- 
factured by conventional technologies. 



PIN CONFIGURATION 




INPUT 

</>i (output's 

CLOCK) 



OUTPUT 

<^2( INPUT 
CLOCK) 



LOGIC DIAGRAM 



1 ^ 








— T^ 




r>^ 


xH 


512 BITS 


_» 


^OUTPUT 


INPUT T 1 >- 




) 


9 






1 


READ 




1 

W/fl 


6 

CS1 CS2 




^^^^.^^ PIN 

MODE ^.^^__^ 


W/R 
(2) 


CS1 

(1) 


CS2 

(9) 


READ 
(8) 


WRITE 

RECIRCULATE^'') 

READ 


1 
1 or 
1 or 


1 

1 or 
1 


1 
1 or 

1 


1 or 
1 or 

1 



Note 1 : Either W/R, CS1 , or CS2 must be a. "0" during Recirculation. 
A logic 1 is defined as a high input and a logic as a low input. 
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1405A 



Maximum Guaranteed Ratings '' 



Temperature Under Bias 

Storage Temperature 

Power Dissipation <i) 

Data and Clock Input Voltages 
and Supply Voltages with 
respect to V^^, 



0°C to +70° C 

-65°Cto+160°C 

600 mW 

+.3V to -20V 



'COMMENT: 
Stresses above those listed under "Maximum Guaranteed 
Rating" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 




D.C. Characteristics Ta= 0°C to +70°C, Vcc = +5V ±5%, unless otherwise specified 



= -5V ± 5% 



SYMBOL 


TEST 


MIN. TYP.<2) MAX. 


UNIT 


CONDITIONS 


ILI 


INPUT LOAD CURRENT 


10 1000 


nA 


ViN = V|HtoV,L 


'LO 


OUTPUT LEAKAGE CURRENT 


10 1000 


nA 


VoUT=O.OV 


Ilc 


CLOCK LEAKAGE CURRENT 


10 1000 


nA 


V,LC=VcC-17V 


'ddi 


POWER SUPPLY CURRENT 


25 40 


mA 


Ta=250C- 
Tc=0OC _ 


Output at Logic "0", 
2 MHz Data Rate, 
-40% Duty Cycle, 
Continuous Operation, 
V,LC=Vcc-17V 


'DD2 


POWER SUPPLY CURRENT 


45 


mA 


ViLCI 


CLOCK INPUT LOW VOLTAGE 


Vcc-17 Vcc-14.5 


V 




V|HC 


CLOCK INPUT HIGH VOLTAGE 


Vcc-1 Vcc +.3 


V 




V|L 


INPUT "LOW" VOLTAGE 


VcC-10 Vcc-4.2 


V 




V|H1 


INPUT "HIGH" VOLTAGE 


Vcc-1.5 Vcc +.3 


V 




Vol 


OUTPUT LOW VOLTAGE 


-.3 0.5 


V 


Rli=3K to Vdd , loL= l-G mA 


VoH 


OUTPUT HIGH VOLTAGE 
DRIVING TTL 


2.4 3.5 


V 


Rli=3K to Vdd . ioH= -100 juA 


VOHI 


OUTPUT HIGH VOLTAGE 
DRIVING MOS 


VcC-1-4 Vcc-1 


" 


Rl2=5.6K to VpD 

(see p. 6 for connection) 



= -9V ± 5% 



•li 


INPUT LOAD CURRENT 


10 1000 


nA 


V|N =V|H toV,L 


"lo 


OUTPUT LEAKAGE CURRENT 


10 1000 


nA 


Vqut = 0.0 V 


•lc 


CLOCK LEAKAGE CURRENT 


10 1000 


nA 


V,LC=Vcc-1^-7V 


'dD3 


POWER SUPPLY CURRENT 


20 31 


mA 


Ta=25DC- 
Tc=0OC _ 


Output at Logic "0", 
1.5 MHz Data Rate. 
-36% Duty Cycle, 
Continuous Operation, 
V|LC=Vcc-14.7V 


•dD4 


POWER SUPPLY CURRENT 


36 


mA 


V|LC2 


CLOCK INPUT LOW VOLTAGE 


Vcc-14-7 Vcc-12.6 


V 




V|HC 


CLOCK INPUT HIGH VOLTAGE 


Vcc-1 Vcc +.3 


V 




V,L 


INPUT "LOW" VOLTAGE 


Vcc-10 Vcc-4.2 


V 




• V,H2 


INPUT "HIGH" VOLTAGE 


Vcc-1.5 Vcc +.3 


V 




Vol 


OUTPUT LOW VOLTAGE 


-.3 0.5 


V 


RLi=5.6KtoVDD loL=1-6nnA 


VoH 


OUTPUT HIGH VOLTAGE 
DRIVING TTL 


2.4 3.5 


V 


Rli=5.6K to Vdd . loH=-100iLlA 


VoHl 


OUTPUT HIGH VOLTAGE 
DRIVING MOS 


VcC-1.4 Vcc-1 


V 


RL2=6.2KtoVDD (See p. 6 for 
R L3=3.9K to Vcc connection) 



Note 1 : For operating at elevated temperatures the device must be derated based as shown on page 3. In applications the duty cycle should 

be a minimum to reduce power dissipation. Duty cycle « [t^py^ + 14 (tp + tp) ] x clock rate. 
Note 2: Typical values are at T^ « 25°C and at nominal voltages. 
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1405A 



A.C. Characteristics T^^ = O-C to +70°C; Vcc = +5V ±5%; Cl= 20pF; 1 TTL Load 



SYMBOL 


TEST 


Vdd = -5V ± 5% 

V|LC=VcC-''4-5toVcc-17 

Rl = 3K 


Vdd = -9v ± 5% 

V|LC=Vcc-12.6 to Vcc-14.7 
Rl = 5.6 K 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


Frequency 


CLOCK DATA REP RATE 


200Hz@25OC^^' 


2 


200Hz @250C<^' 


1.5 


MHz 


Vpw 


CLOCK PULSE WIDTH 


0.200 


10 


.240 


10 


ptsec 


Vd 


CLOCK PULSE DELAY 


30 


Note 1 


30 


Note 1 


nsec 


Duty Cycle<2) 


CLOCK DUTY CYCLE 




40 




36 


% 


^R'^F 


CLOCK PULSE TRANSITION 




1 




1 


jxsec 


^DW 


DATA WRITE (SETUP) TIME 


100 




100 




nsec 


^DH 


DATA TO CLOCK HOLD TIME 


20 




20 




nsec 


tA+' ^A- 


CLOCK TO DATA OUT DELAY 




250 




250 


nsec 


^R-; ^CS-' 
^WR- 


CLOCK TO "READ" OR "CHIP 
SELECT" OR "WRITE/ 
RECIRCULATE" TIMING 












nsec 


^WR+ 


CLOCK TO "READ" OR "CHIP 
SELECT" OR "WRITE/ 
RECIRCULATE" TIMING 












nsec 



CAPACITANCE 



(3) 



V^c =5V±5%,V^^3 



= -5V + 5% or -9V ± 5%, T^ = 25° C 



SYMBOL 


TEST 


TYP. 


MAX. 


CONDITIONS 


ClN 


INPUT CAPACITANCE 


3 


5pF 


V|N = Vcc 1 


■f = 1 MHz 


^OUT 


OUTPUT CAPACITANCE 


2 


5pF 


V0UT = Vcc 


C0 


CLOCK CAPACITANCE 


75 


85 pF 


V0=Vcc 


^01-02 


CLOCK TO CLOCK CAPACITANCE 


6 


lOpF 


V0=Vcc J 



Note 1: See curve of Min Data Rate, and Max Clock Delay vs. Temp, on page 5. 
Note 3: This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 



Note 2: Duty Cycle = [t0py^ + Va(tp + tp)l x clock rate. 



Conditions of Test 

Input rise and fall times: 10 nsec 
Output load is 1 TTL gate I 



Timing Diagram 



02 INPUT CLOCK 



01 OUTPUT CLOCK 






, 90% 

'II 
2PWpf- 



tp-^ k- -AU-'n 



H 



I M 

I II 

l-H*DwUk- 




ar~^xr~~ur 



^ L ^ -n ^'^IW [* CLOCK REP RATE 



,^^4L. H 



I r*- ^A* 



-H 



WRITE/RECIRCULATE 



CHIP SELECT 1 
CHIP SELECT 2 



•UL I I 

/I 

:r 



"A 



X 



V.L- 






|*-tf,- 
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Typical Characteristics 



1405A 



POWER DISSIPATION/BIT VS. SUPPLY VOLTAGE 



POWER DISSIPATION/BIT VS. CLOCK AMPLITUDE 















-T - 1 ■ ■! 
DATA RATE = 1.5 MHz, 
36% DUTY CYCLE, 
V„r-Vrr« -14.7V 








^ - o-c- 














V,Lc-Vcc 


= -17V 

1 - 


T 




^•* 


*»•* 


• 




Ta ■ O'c' 








;. T^ 


...c, 


,- 


*#♦- 


*>»**' 


- 




.4 
.3 
.2 



Ta-2 


i»C 


^ 






Tft -ycc 


- 


i**" 


»mH« 


• 


" 


Ta-8 


°c 








SPECI 
-OPER/ 
,SUPPL 
VOLT 
RANG 


=1ED 




















^ 


Y ^^ 
i\GE^ 

E 




































U 

























-11 -12 -13 -14 -15 -16 
Voo-Vcc (VOLTS) 



DATA RATE -2 MHz, 
40% DUTY CYCLE 
"Vdd-Vcc- -10.5V ■ 



DATA RATE -1.5 MHz, 
_36% DUTY CYCLE, 
Vdo-Vcc- -14.7V 




V,Lc-Vcc (VOLTS) 



MINIMUM OPERATING DATA RATE OR MAXIMUM 
CLOCK PULSE DELAY VS TEMPERATURE 



MAXIMUM DATA RATE 
VS. CLOCK AMPLITUDE 























go^ 


p^til^^ 


-^ 


-^ 




.^- 


.•^' 








^- 








^^ 


xsPiSiii 






^^ 


^^ 


^ 


















Vp 


D= -5V 


OR 










Vd 


D= -9V 


. 



5 

1 ' 

< 


















1 1 1 

SPECIFIED OPERATING 
CLOCK AMPLITUDE 
RANGE FOR V^^ - -9V 


1 L 

SPECIFIED OPERATING 
CLOCK AMPLITUDE 
RANGE FOR V ^ - -5V 




.^ 


1 


/v;„--sv/ 


■*«PW 


•200nt 




■dp 


^>--',y 




240 ni 




f 




T 


-p 


Bi 












i! 




l:l|l 


25''C — 





f< 




1 




i 






^A " 


''■* 



















20 25 30 40 50 60 70 

AMBIENT TEMPERATURE CO 



-12 -13 -14 



-v.- (VOLTS) 



CURRENT VS. DATA RATE 




£> 
O- 
£> 

GND 

"T" 





Vcc -5V 


Vcc - 5V 




M)D ■ -5v 


M)D --9V 


"m 


3K 


5.6 K 


"l? 


S.6K 


6.2 K 


"" 




3.9 K 



DTL/TTL/MOS Interfaces 



31: 



IN 1406A OUT 
(USED AS B12 BIT 
SHIFT REGISTER) 



*1 '^DO »? 



o— 



i.. 



it: 



u: 
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Intel 



2401, 2405 



2048/1024 BIT DYNAMIC 
RECIRCULATING SHIFT REGISTERS 



' Single Supply Voltage --+5 Volts 

' Fully TTL Compatible - Inputs , 
Outputs and Clock 

Single Phase Clock 

Guaranteed 1 MHz Operation 
with 100 pF Load, over 
Temperature Range 

Low Power Dissipation — 
120 jjw/bit typically at 1 MHz 



■ Low Clock Capacitance— 7 pF 

" Write/Recirculate and Chip 
Select Logic Incorporated on Chip 

■ Standard Configurations- 
Dual1024 Bit -2401 
Single 1024 Bit- 2405 



The 2401/2405 are 2048/1024 bit dynamic recirculating shift registers. They are directly TTL compatible in all 
respects: inputs, outputs, clock and a single +5 volt power supply. 

Write/recirculate controls are provided to eliminate the need for external logic elements when recirculating data. 

Two chip select inputs have been provided to allow easy selection of an individual package when outputs of several 
devices have been "OR-tied". A separate internal "pullup" resistor {R|_) is provided which can be externally con- 
nected to the output pin to achieve full signal swing. 

This Intel shift register family is fabricated with N-channel silicon gate technology. This technology provides the 
designer with high performance, easy to use MOS circuits. Only a single +5V power supply is needed and all devices 
are directly TTL compatible, Including clocks. 



PIN CONFIGURATIONS 



LOGIC DIAGRAM 



OUT, [^ 


1 16 

2 15 


ZlVcc 


OUT CI 
RlC 


2 


16 


DVcc 

13 M c. 


INi I^ 


3. 14 


;jOUT2 


inC 


3 


i> 


II](OUT) 


w/R.C 


4 13 


Z1«L. 


wrC 


^ 


* '' 


ZJN.C. 


"xC 


5 12 


;;3 w/Rj 


CSxC 


5 


^r 


23 (W'Rl 


^vC 


6 11 


^ CLOCK 


"vC 


6 


1^ 


Z2 CLOCK 


N.c. [;^ 


7 10 


ZINC. 


N.C. C 


7 


10 


Dn.c. 


GND a 


8 9 


H M c. 


GND C 


8 


9 


ZINC. 




INTERNAL 

LOAD 

RESISTOR 



?^*r' 



O-i 



• DASH LINES INDICATE NECESSARY EXTERNAL 
PRINTED CIRCUIT BOARD CONNECTIONS FOR 
PROPER OPERATION OF THE 2405. 
(SEE APPLICATION SECTION) 



NOTE: This represents one half of the 2401. The chip 
select inputs and clock input at 



TRUTH TABLE 





PIN NAMES 




IN 


DATA INPUT 


OUT 


DATA OUTPUT 


W/R 


WRITE/RECIRCULATE 


Rl 


INTERNAL LOAD 




CONTROL 




RESISTOR 


CSx.CSy 


CHIP SELECT INPUT 


N.C. 


NO CONNECTION 





PIN SYMBOL 


FUNCTION 


W/R 


CSx 


CSy 


WRITE MODE 


H 


L 


L 


RECIRCULATE 


L 
X 
X 


X 
H 
X 


X 
X 

H 


READ MODE 


X 


L 


L 



Logic High Level L = Logic Low Level 

X = Don't Care Condition 
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2401,2405 



Absolute Maximum Ratings* 



Ambient Temperature Under Bias: 0° C to 70° C 
Storage Temperature: -65° C to +150° C 

Power Dissipation: 1W 

Voltage on Any Pin with Respect 



to Ground: 



-0.5V to +7V 



'COMMENT: 

Stresses above those listed under "Absolute Max- 
imum Rating" may cause permanent damage to 
the device. This is a stress rating only and function- 
al operation of the device at these or at any other 
condition above those indicated in the operation- 
al sections of this specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 




D. C. Characteristics 



Ta = 0°to 70°C, Vcc = """SV ±5%, unless otherwise specified . 










SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN. 


TYP.[11 


MAX. 


Ili 


INPUT LEAKAGE 






10 


)UA 


V,N = 5.25V 


Ilo 


OUTPUT LEAKAGE 






100 


^A 


VouT = 5.25V 


Ice 


POWER SUPPLY CURRENT 




45 
50 


70 
80 


mA 
mA 


Ta = 25°C' 
Ta = 0°C 


Vcc = 5.25V; 
-80% DUTY 
CYCLE 


V|H 


INPUT HIGH LEVEL 
VOLTAGE (ALL INPUTS) 


2.2 




... 


V 




V,L 


INPUT LOW LEVEL 
VOLTAGE (ALL INPUTS) 


-0.3 




0.65 


V 




VOH 


OUTPUT HIGH LEVEL 
VOLTAGE 


2.4 




Vcc 


V 


Iqh =-1mA, 
Rl = 1.5K±5%ohms, 
external 


Vol 


OUTPUT LOW LEVEL 
VOLTAGE 







0.45 


V 


loL = 5.0mA, 
Rl = 1.5K ±5% ohms, 
external [2] 



NOTES: 1. Typical values are at 25° C and at nominal voltage. 
2. The following was used to calculate lo L- 

Vcc (max.) - Vol (max-) 5 25-0.45 

'OL = R^l^ ^ 'L' '■^■T'- ^«^'^^' = 1.425 "" ^-^ = ^•^^'^^- 

Also note that the Internal load resistor, R li, has a value ranging from 500 ohms minimum to 2,200 ohms maximum. The internal 
load resistor can be used when driving from one 2401/2405 to another 2401/2405 or to other MOS inputs. 



POWER SUPPLY CURRENT (Icq) 
VS. DATA REP RATE 



EFFECTIVE INPUT CHARACTERISTIC 







1 

„ DATA = "0" 

DATA = "1" 


CONSTA 


\IT PULSE 


CONSTANT DUTY 
^K^^CYCLE = 80% 




lO^s ^ 


■~"">V. 


, 




yjl 




._ — - — "^ 




^ ^ -- CONSTANT PULSE 
VViriTH - Rnn nc 



















IGGKHz 
DATA REP RATE 




S WORST CASE 
TTL OUTPUT 
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2401,2405 



A. C. Characteristics T^ = 0°C to 70°e, Vcc = +5V ±5%,unless otherwise specified. 



SYMBOL 


PARAMETER 


LIMITS 


UNITS 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


FREQ. MAX. 


MAX. DATA 
REP. RATE 


1 


MHz 




FREQ. MIN. 


MIN. DATA 
REP. RATE 


1 
25^1] 


KHz 
KHz 


Ta = 25° C 
Ta = 70° C 


^0PW 


CLOCK PULSE 
WIDTH 


0.80 




10 


A/S 




t0D 


CLOCK PULSE 
DELAY 


0.20 
0.20 




1000 
40 


lis 

jUS 


Ta = 25° C 
Ta = 70° C 


t.,t. 


CLOCK RISE 
AND FALL TIME 


50 


ns 




tw 


WRITE TIME 


200 


ns 




tH 


HOLD TIME 


150 


ns 




tA 


ACCESS TIME 
FROM CLOCK 
OR CHIP 
SELECT 




250 


500 


ns 


Rl = 1.5K± 5% ohm, 
EXTERNAL 

Cl= lOOpF 
ONETTL LOAD 



NOTE: 1. 100 kHz in plastic (P) package. 

Capacitance Ta = 25°c 



SYMBOL 


PARAMETER 


LIMITS 


1 

UNITS 


TEST CONDITIONS 


MIN. TYP. MAX. 


^IN 


DATA, W/R &CS INPUT 
CAPACITANCE 


4 7 


PF 


ALL PINS AT AC 
GROUND; 250 mV 
PEAK TO PEAK, 
1 MHz 


^OUT 


OUTPUT CAPACITANCE 


10 14 


PF 


C0 


CLOCK CAPACITANCE 


4 7 


pF 



Waveforms 



DATA, 

W/R, 

OS 






\ 



^ I 90% 4- ^ 



X 



OUTPUT IF CHIP 
CONTINUOUSLY 
SELECTED 



OUTPUT IPCS IS 
PULSED (OUTPUT 
IS HIGH WHEN 
UNSELECTED) 






A 



J 



r 



"0" OUT 



\ / "T'OUT 
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2401,2405 



D. C. Characteristics 

TEMPERATURE DEPENDENCE OF 
OUTPUT LOW LEVEL SINK CAPABILITY 



i;^ 


^^^ 


^ 




1 ,1 












, V -"-" 1 


-^hfl^i 






- 








^55> 


^ 






- 












"^ 






- 
















— 


1 


W( 


)RST CA 


SE LIMI 


r 









20 30 40 50 6( 

AMBIENT TEMPERATURE CO 



POWER SUPPLY CURRENT (l^c) VS. AMBIENT TEMPERATURE (°C) 





f = 1 MHz 














- *oPW - 800 ns 
Vcc = 5.25V 


























^ 


^^^ 
















, ^~ 




^^.^ 


















■ 



AMBIENT TEMPERATURE ("CI 



A. C. Characteristics 



MINIMUM DATA RATE AND MAXIMUM CLOCK DELAY 
VS. AMBIENT TEMPERATURE FOR CERAMIC (C) PACKAGE 



MINIMUM 
DATA RATE 































^ 


7^ 


. 






.^^^x 




y 




- 




•-f 




















>^ 


/^ 






c^-^ 




^ 


y 


E 




^ 


r 








y 















10 20 30 40 50 60 

AMBIENT TEMPERATURE (°C) 



DELAY (t0o) I 



MINIMUM CLOCK PULSE WIDTH AND 

EFFECTIVE MAXIMUM DATA RATE AT 80% 

DUTY CYCLE VS. 

POWER SUPPLY VOLTAGE (Vqc) 




Vcc <VOLTS) 



ACCESS TIME VS. LOAD CAPACITANCE 





SPEC 


'01 NT 


Rl = 1. 
e> 


5Kn ± 5' 
eternal 


/o ohms. 
















^ 




^ 











































150 200 250 300 



LOAD CAPACITANCE (pF) 



Typical Application Of TTL Compatible Shift Registers 



-o 



WRITE/ 

RECIRCULATE 

CONTROL 



-o 

DTL/TTL 

-o- 



I— W/R Vcc R, — , L_ 



W/R Vcc 

2401/2405 OUT 
CSy CLOCK 



"9 — 9" 



CHIP 
SELECT 
DTL/TTL INPUTS 



-o 

DTL/TTL 



1 



IN 2401/2405 OUT 
CSx CSv CLOCK 



-CK 



NOTE (1): The 2401/2405 is directly compatible device to device. 
An external I.BKH ± 5% load resistor is recomnnended for driving 
one TTL load with the 2401/2405 output. 
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int^l 2416 

16,384 BIT CCD SERIAL MEMORY 

" Organization: 64 Recirculating Shift Registers 
of 256 Bits Each 



Avg. Latency Time Under 100 /xs 

Max. Serial Data Transfer Rate 
— 2 mega bits/sec. 

Address Registers Incorporated 
on Chip 

Standard Power Supplies — 
+12V, -5V 



■ Open Drain Output 

■ Combined Read/Write Cycles 
Allowed 

■ Compatible to Intel® 5244 
CCD Driver 



The Intel 2416 is a 16,384 bit CCD serial memory designed for low-cost memory applications requiring average latency times 
to under lOOjus. To achieve low latency time the memory was organized In the form of 64 independent recirculating shift reg- 
isters of 256 bits each. Any one of the 64 shift registers can be accessed by applying an appropriate 6-bit address input. 

The shift registers recirculate data automatically as long as the four-phase CCD clocks (0i . . . 04) are continuously applied 
and no write command is given. A one-bit shift is initiated in all 64 registers following a low-to-high transition of either 02 or 
04. After the shift operation the contents of the 64 registers at the bit location involved are available for non-destructive read- 
ing, and/or for modification. I/O functions are accomplished in a manner similar to that of a 64-bit dynamic RAM. At the next 
shift cycle, the contents of the 64 accessible bits (whether modified or not) are transferred forward into the respective regis- 
ters and the contents of the next bit of each register become accessible. No I/O function can be performed during the shift 
operation itself. 

The Intel 2416 generates and uses an internal reference voltage which requires some time to stabilize after the power supplies 
and four phase clocks have been turned on. No I/O functions should be performed until the four-phase CCD clocks have ex- 
ecuted at least 4000 shift cycles with power supplies at operating voltages. After this start-up period, no special action is 
needed to keep the internal reference voltage stable. 

The 2416 is fabricated using Intel's advanced high voltage N-channel Silicon Gate MOS process. 



PIN CONFIGURATIONS 



P2416 




PIN NAMES 



BLOCK DIAGRAM 



REFRESH 
AMP 


256BIT RECIRCULATING 
CCD REGISTER NO. 1 


REFRESH 
AMP 


REFRESH 
AMP 


256-BIT RECIRCULATING 
CCD REGISTER NO. 2 


REFRESH 
AMP 



A0A5 


ADDRESS INPUTS 


CE 


CHIP ENABLE INPUT 


D|N 


DATA INPUT 


O1-O4 


CCD CLOCK INPUTS 


WE 


WRITE ENABLE INPUT 


Vdd.Vss.Vbb 


POWER SUPPLIES 


cs 


CHIP SELECT INPUT 


DqUT 


DATA OUTPUT 



- DATA OUTPUT 



-DATA INPUT 
- WRITE ENABLE 



ADDRESS 

INPUT 
BUFFERS 



*-^ 



^Ag 



- CE INPUT 

- CS INPUT 
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2416 



Absolute Maximum Ratings* 

Temperature Under Bias -10°C to 80°C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages with Respect to the most Negative Supply Voltage, Vqq +25V to -0.3V 

Supply Voltages Vqd and Vss with Respect to Vbb +20V to -0.3V 

Power Dissipation LOW 

*COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

D.C. and Operating Characteristics 

Ta = 0°Cto 70° C, Vdd = +12V ±5%, Vbb^''^ = -5V ±5%, Vss = OV, unless otherwise specified. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


ILI 


Input Leakage Current 




1 


10 


mA 


V|N=OV 


'LO 


Output Leakage Current 




1 


10 


mA 


CE = OV, VoUT = OV 


'OL 


Output Low Current 


3 






mA 


Vol = ■45 V 


•oh 


Output High Current 






10 


mA 


VoH = +5V 


'ddavi 


Average Vqd Supply Current for Shift 
Cycles Only 






Note 2 


mA 




IdDAV2^'^^ 


Average N/qd Supply Current 




15 


25 


mA 




■bb 


Average Vbb Supply Current 




100 


200 


mA 




V|L 


Input Low Voltage, All Inputs Except 
01 ... 04 


-1.0 




0.8 


V 




V|H1 


Input High Voltage, All Inputs Except 
D|Nand0i . . .04 


Vdd-1 




Vdd+1 


V 




V|HD 


Din Input High Voltage 


3.5 




Vdd+1 


V 




V,Lct4] 


01 ... 04 Input Low Voltage dc 


-2.0 




0.6 


V 




ViLCT 


01 ... 04 Input Low Voltage w/Coupling 


-2.0[5] 




1.2[6] 


V 




V|HC1 


01 and 03 Input High Voltage dc 


Vdd-1 




Vdd+2 


V 




V|HCT1 


01 and 03 Input High Voltage w/Coupling 


VDD-1-6f6^ 




Vdd+2^5] 


V 




V|HC2 


02 and 04 Input High Voltage dc 


Vdd-0.6 




Vdd+2 


V 




V|HCT2 


02 and 04 Input High Voltage w/Coupling 


Vdd-1. 2t6] 




VdD+2[5] 


V 




tPWT 


Cross Coupling Voltage Pulse Width 






Note 7 


ns 


Pulse width measured at 0.8V and 
Vdd-1 •2V (01 and 03) or 
VDD-O.8V(02and04) 



Notes: 1. The only requirement for the sequence of applying voltage to the device is that Vdd and Vss should never be 0.3V more negative 
than Vbb- 

15mA 

2. For shift only mode Idd - 2.0mA + 

t0/2 (in jus) 

3. IdDAV2 «sfor combined shift and data I/O cycles. 

4. The difference in the low level reference voltages between all four clock phases must not exceed 0.5 volts. 

5. These voltage levels with coupling are within the specified dc range and are not, therefore, subject to tpwT restrictions. 

6. These voltage levels with coupling are outside specified dc ranges and must be restricted to tpwj pulse widths. 

7. The maximum clock cross coupled pulse width is the sum of the clock transition time (tj) plus 20ns. 
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2416 



0-, ...04 CROSS-COUPLING 



v,lct(max)- 



J^~^c 



V,HCT2(MAX) - 

^IHC2 - 
V|HCT2<MIN)- 



=7" 
7 



^^_^^ 



\ 



\ 



02 



^t^^ 



^^'^ 



v,lct(max)- 

V|LC- 

V,lct(MIN)- 



z>'^^ 



^^"^c 



"V-T" 



VlHCTzlMAXI- 



7 — V. 



J—^ 



04 



\ 



\ 



V,lctIMIN)- 



"V^ 



A-C- Characteristics Ta = 0°C to 70°C, Vdd = 12V ±5%, Vbb = -5V ±5%, Vss = OV, unless otherwise specified. 
SHIFT ONLY CYCLES 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions 


^0/2 


Half Clock Period for 0i . . . 04 


750[1] 


10,000 


ns 


tj = 40nsec 


tPT 


02 On to 01 On Time, 04 On to 03 On Time 


200 




ns 


5V 


tJD 


01 to 04 Overlap, 03 to 02 Overlap 


30 




ns 


>5K 


tDT 


04 to 01 Hold Time, 02 to 03 Hold Time 


40 




ns 


DEVICE ? 

UNDER ^ 


tJP 


01 Off to 04 On, 03 Off to 02 On 


320 




ns 


TEST J::50pF 


tj 


Transition Times for 0i . . . 04 


30 


200 


ns 


Vss^ 



Note: 1. The 750ns Half Clock Period will be met for 30ns < tj < 40ns. Values of tj > 40ns lengthen t0/2. 
WAVEFORMS (Numbers in parentheses are for minimum cycle timing in ns) 



—*' "*-tDT(40) 




Note: 2. +2.0V and Vdo"2-0V are the reference low and high level respectively for measuring the timing of 0i, 02, 03 and 04. 
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2416 



A.C. Characteristics 

SHIFT-READ-READ-...-READ-SHIFT CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions 


tRCY 


READ Cycle Time 


460 




ns 




tPT 


02 On to 01 On Time, 04 On to 03 On Time 


200 




ns 


tj = 40ns 


tJD 


01 to 04 Overlap, 03 to 02 Overlap 


30 




ns 


tji = 20ns 


tDT 


04 to 01 Hold Time, 02 to 03 Hold Time. 


40 




ns 




V/2 


Half Clock Period for 0i . . . 04 




10,000 


ns 


DouT TEST LOAD 


tJ 


Transition Times for 0i . . . 04 


30 


200 


ns 


5V 


tTI 


Transition Times for Inputs Other Than 0i . . . 04 




100 


ns 




tTC 


01 or 03 Off to CE On 


280 




ns 


|sK 


tsc 


CS to CE Set-Up Time 







ns 


DEVICE 




tAC 


Address to CD Set-Up Time 







ns 




UNDER 0- ' 
TEST 




tAH 


Address Hold Time 


240 




ns 




tcs 


CE to CS Hold Time 







ns 


pSOpF 


tec 


CE Off Time 


140 




ns 


L 


tCP 


CE Off to 02 or 04 On 


40 




ns 


Vss 


tCER 


CE On Time 


280 




ns 




tCF 


CE Off to Output High Impedance State 







ns 




tco 


CEto DquT Valid 


250 




*ns 







WAVE FORMS ^^^ (Numbers in parentheses are for minimum cycle timing in ns) 



, SHIFT 

U EXECUTE 

' TIME 

1(0, SHIFT TIMEL 



n^ 



. PT . 



(D 



\ 



- MULTIPLE READ CYCLES - 



aniri 

U EXECUTE J 

I TIME I 

I (03 SHIFT TIME) 



tsc<o)— H 



^m: 



f 



(D 



-4- 



I 



(200) 




_t0T 
(40) 



4 CS CAN CHANGE I 



CEl2) 



'CS CAN CHANGE 



tcs (o» 

-tRCY (460)" 



ADDRESS CAN CHANGE 



tAc(0)-^| 



1^ ADDRESS 
^ STABLE 



U^-tAH (240)-. 



^-nci2so)-* f^ Vt^^S)'; ^'^ ^\^ 



-tcER(280) — 




tAC 
(0)-» 



ADDRESS 
STABLE 



x: 



V,.f ®J 



^tcF(O) 



I ADDRESS CAN CHANGE 



KtAH (240)-i- 



-•— tcER(280)-* 



^^ir 



tco 

M250)i 



k:o 

♦ (250)H 



DATA 
VALID 



DATA 
VALID 



NOTES: 1. WE must be continuously low during the READ cycle. 

2. When CE is off, the 2416 output level is determined by the external output termination. 

3. +2.0V and Vdd-2.0V are the reference low and high level respectively for measuring the timing of 0i . . . 04, CE, CS and addresses. 

4. +0.8V is the reference level for measuring the timing of Dqut- 
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2416 



A.C. Characteristics 

SHIFT-WRITE-WRITE-...-WRITE-SHIFT CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions 


tWCY 


WRITE eycle Time 


460 




ns 




tPT 


02 On to 01 On Time, 04 On to 03 On Time 


200 




ns 


tT = 40ns 


tTD 


01 to 04 Overlap, 03 to 02 Overlap 


30 




ns 


tji = 20ns 


tDT 


04 to 01 Hold Time, 02 to 03 Hold Time 


40 




ns 




V/2 


Half eiock Period for 0i . . . 04 




10,000 


ns 




tj 


Transition Times for 0i . . . 04 


30 


200 


ns 




tJI 


Transition Times for Inputs Other Than 

01 ... 04 




100 


ns 


Dqut test load 

5V 


tJC 


01 or 03 Off to eE On 


280 




ns 




tsc 


es to eE Set-Up Time 







ns 


Ibk 


tAC 


Address to OE Set-Up Time 







ns 


DEVICE 




tAH 


Address Hold Time 


240 




ns 






TEST 




tcs 


eE to es Hold Time 







ns 




tec 


eE Off Time 


140 




ns 


Z50pF 


tCP 


eE Off to 02 or 04 On 


40 




ns 




tCEW 


eE On Time 


280[1] 




ns 


Vjs 


tew 


eE to WE Set-Up Time 


lootil 




ns 




tDW 


D|N to WE Set-Up 







ns 




twp 


WE Pulse Width 


ioo[i] 




ns 




twe 


WE Off to eE Off 


o[i] 




ns 




tDH 


D||\| Hold Time 







ns 








Note: 1 . The minimum tcW' WVP ^"d twc times with appropriate transitions do not necessarily add up to the minimum tcEW- This allows the 
user flexibility in setting the WE Pulse Width edges without affecting either tcEW of the WRITE Cycle Time, twcY- 

WAVEFORMS (Numbers in parentheses are for minimum cycle timing in ns) 

MULTIPLE WRITE CYCLES >A 



SHIFT 

-EXECUTE 

TIME 



0, SHIFT TIME) 



iT 






\ 



CS CAN CHANGE 



ADDRESS CAN CHANGE 



tsc (0) 



} 



SHIFT 

EXECUTE 

TIME 
(03 SHIFT TIME) 



tcp(40)- 



♦ twCY (460) _ 



ADDRESS 
STABLE 



K 



-tAH(240)- 



tTC (280) %':, tcEW '280)— ^-^(140)-^?- *CEW (280)_^^_ 



tcs (0) - 



ADDRESS 
STABLE 



K 



U-tAH (240) -H. 



D,M CAN CHANGE. 




/ 



\ 



CS CAN CHANGE 



ADDRESS CAN CHANGE 



D,M CAN CHANGE 



Notes: 2. +2.0V and \/qq-2.0\/ are the reference low and high level respectively for measuring the timing of 0i . 
3. +1.5V and +3.0\/ are the reference low and high level respectively for measuring the timing of D||\j. 



. <^4, CE, CS, WE, and addresses. 
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2416 



A.C. Characteristics shift-rmw-rmw- . . . -rmw-shift cycle 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions 


tRWC 


READ-MODIFY-WRITE Cycle Time 


620 




ns 


tj = 40ns 
tji = 20ns 

DEVICE 
UNDER 
TEST 




tPT 


02 On to 01 On Time, 04 On to 03 On Time 


200 




ns 




tJD 


01 to 04 Overlap, 03 to 02 Overlap 


30 




ns 




tDT 


04 to 01 Hold Time, 02 to 03 Hold Time 


40 




ns 




V/2 


Half Clock Period for 0i . . . 04 




1 0,000 


ns 




tT 


Transition Times for 0i . . . 04 


30 


200 


ns 




tJI 


Transition Times for Inputs Other Than 
01 ... 04 




100 


ns 


Dqut test load 


tTC 


01 or 03 Off to CE On 


280 




ns 


5V 


tsc 


CSto CESet-UpTime 







ns 




tAC 


Address to CE Set-Up Time 







ns 


^^ 


tAH 


Address Hold Time 


240 




ns 


< 

< 


^bK 


tcs 


CE to CS Hold Time 







ns 






tec 


CE Off Time 


140 




ns 


- 




tCP 


CEOff to 02 or 04 On 


40 




ns 


bsopF 


tCRW 


CE On Time 


440[1] 




ns 




tco 


CE On to DquT Valid 


250 




ns 


- 


y 


tDW 


D|N to WE Set-Up Time 







ns 


^SS 


tWP 


WE Pulse Width 


looti] 




ns 




twc 


WE Off to CE Off 







ns 




tDH 


D|N Hold Time 







ns 




tWD 


CE On to WE On 


300[1] 




ns 




twF 


WE toDoUT Undefined 







ns 







Note: 1. The minimum tyyo and t\j\jp times with appropriate transitions do not necessarily add up to the minimum tcRW- This allows the user 
flexibility in setting the WE Pulse Width edges without affecting either tcRW or the READ-MODIFY-WRITE Cycle Time, tRwc- 

WAVEFORMS (Numbers in parentheses are for minimum cycle timing in ns) 

- MULTIPLE RMW CYCLES ■ 

I 



<>, I (0, SHIFT TIME)/ V_i. 




CE121 



"OUT 






tco- 



(Numbers in parentheses are for minimum cycle timing 

"^ DATA 

VALID UNDEFINED 

Notes: 2. When CE is off, the 2416 output level is determined by the external output termination. 



UNDEFINED 



3. The parameter tcF 's the same as in the Shift-Read-Shift Cycle on page 4. 

4. +2.0V and Vdq-2.0V are the reference low and high level respectively for measuring the timing of 0i . . . 04, CE, CS, WE, and addresses. 

5. +1.5V and +3.0V are the reference low and high level respectively for measuring the timing of D||\|. 

6. +0.8V is the reference level for measuring the timing of Dqut- 
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2416 



A.C. Characteristics 

CAPACITANCE ^^^ Ta = 25°C 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


ClN 


Address, D|n, CS, CE, WE Capacitance 


4 


6 


PF 


V|N = Vss 


CoUT 


Dqut Capacitance 


3 


5 


PF 


V0UT=Vss 


C^ltH, 0^3^21 


01 ,03 Input Capacitance 


350 


500 


pF 


V^ = Vss 


C^2"l.C^4t2J 


02»04 Input Capacitance 


480 


700 


pF 


V0=Vss 


C01 - 02 


Clock 01 To Clock 02 Capacitance 


120 


175 


pF 


V0=Vss 


^01 - 04 


Clock 01 To Clock 04 Capacitance 


150 


200 


pF 


V0=Vss 


^03 -02 


Clock 03 To Clock 02 Capacitance 


150 


200 


pF 


V0 = Vss 


C03-04 


Clock 03 To Clock 04 Capacitance 


120 


175 


pF 


V«=Vss 



Notes: 1. This parameter is periodically sampled and is not 100% tested. 

2. The C0i .... C04 input clock capacitance includes the clock to clock capacitance. The equivalent input 
capacitance is given below. 



Four-Phase Clock Inputs 

The four-phase clock inputs are internally connected to long 
electrodes used for several thin-oxide gates, resulting in high 
capacitance to the substrate on the clock inputs. In addition, 
considerable cross-coupling between adjacent clock exists due 
to the overlapping structure of the electrodes. The figure to 
the right shows the circuit equivalent of the clock inputs, 
indicating maximum capacitance values. 

The equivalent circuit suggests two opposed clock driver re- 
quirements: 

1. Ability to drive high-capacitance loads quickly. 

2. Ability to suppress cross-coupled current transients. 

The first requirement could ordinarily be met rather easily, 
if it weren't for the fact that the cross-coupled current, I, is 

proportional to the rate of change of the voltage, i.e., I = C ^. 

dt 
For the quiescent driver to hold the coupled voltage to a mini- 
mum, the driver must have very low output impedance. How- 
ever, when this driver becomes active the low output 
impedance increases the slope of the transitions which in turn 
increases coupling currents to the other drivers. This suggests 
that a driver have a controlled output transition time and a low 
output impedance characteristic in the quiescent state (high 
or low level). The Intel® 5244 meets these requirements. 



10<C<300pF 
DATA DEPENDENT 




I 



325pF 



EFFECTIVE INPUT CAPACITANCE 

01 &03 = 500pF 

02 & 04 = 700pF 



5244 - CCD Clock Driver 

The Intel® 5244 is a CMOS implemented fully TTL input compatible high voltage MOS driver, designed especially for the four 
phase clock inputs of the 2416. The device features very low DC power dissipation from a single +12V supply with output 
characteristics directly compatible with the 2416 clock input requirements. 

The 5244 uses internal circuitry to control the cross-coupled voltage transients between the clock phases generated by the 
2416. This internal circuitry limits the transition time to a specified range so that excessively fast transitions (OOns) do not 
occur on the clock line. The entire operation is transparent to the user. 

The 5244 is designed to drive four 2416s, but can drive fewer devices when loaded with additional capacitance to prevent a 
speedup in the transition times. Additional information on this and other aspects of the 5244 can be found on the 5244 data 
sheet. 
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Application Information 

The Intel® 2416 Is a charge coupled device (CCD) containing 16,384 bits of dynamic shift register storage available in a 
standard 18 pin plastic package. To minimize latency time (access time to any given bit in the device), the 2416 has been 
organized as 64 registers containing 266 bits each and, therefore, any bit can be accessed with a maximum of 255 shift opera- 
tions. Since the minimum shift cycle requires 750 ns, the maximum latency time for the 2416 is less than 200)Usec. 
Access to the 64 recirculating registers is performed In a random access mode. A six bit address selects one of the 64 registers 
for read, write, or read/modify /write operations. These random access operations are performed between shift operations, 
and can be performed in any number or sequence as long as the basic shift frequency is maintained. 

Because of substrate leakage currents the charge coupled storage mechanism is dynamic in nature. To satisfy the refresh re- 
quirements of the 2416, one shift operation must be performed every ten microseconds. A shift operation is completed on 
the falling edge of clock phase 0-| or 03 and random access cycles may occur only between (1) the falling edge of 0i and the 
rising edge of 04 or (2) the falling edge of 03 and the rising edge of 02- This refresh requirement limits the number of random 
access cycles between successive shift operations to a maximum of 16. 

Random access operations are performed in a manner which is very similar to any random access memory (RAM). All random 
access cycles are initiated with the rising edge and terminated with the falling edge of CE (Chip Enable). Read operations are 
performed when WE (Write Enable) remains low throughout a CE cycle. Data is strobed into the memory whenever WE is 
strobed high during a CE cycle as illustrated in the appropriate timing diagrams. CS (Chip Select) controls only the input and 
output circuits and is only effective when CE is high. 

Typical Current Transients vs. Time 

The oscilloscope photos in Figures 1 and 2 show typical Iqd current transients during shift and I/O cycles. The typical Ibb 
current during a shift cycle is shown in Figure 3. 
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Figure 1. Ipp transient current during 
shift cycles. 
'dD sc^'^- 10mA/div. 



Figure 2. Iqq transient current during 
I/O cycles. 
'dD scale: lOmA/div. 



Figure 3. Ibb transient current 
during a shift cycle. 
'bB scale: 50mA/div. 
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MEMORY SUPPORT CIRCUITS 




MEMORY SUPPORT CIRCUITS 





Type 


Description 


Electrical Characteristics Over 
Temperature 


Supplies [V] 


Page No. 




Input to Output 
Delay Maximum 


Power Disslpatlon[1] 
Maximum 


< 

-1 

o 

Q. 

m 

>■ 

t 
o 

z 
o 

(0 


3205 


1 of 8 Binary Decoder 


18ns 


350mW 


+5 


5-3 


3207A 


Quad Bipolar to MOS Level Shifter and Driver 


25ns 


900mW 


+5,+16,+19 


5-7 


3207A-1 


Quad Bipolar to MOS Level Shifter and Driver 


25ns 


1040mW 


+5,+19,+22 


5-11 


3208A 


Hex Sense Amp for MOS Memories 


20ns 


600mW 


+5 


5-13 


3222 


4K Dynamic RAM Refresh Controller 




600mW 


+5 


5-19 


3232 


4K Dynamic RAM Address Multiplexer and 
Refresh Counter 


20ns 


675mW 


+5 


5-25 


3242 


16K Dynamic RAM Address Multiplexer and 
Refresh Counter 


20ns 





+5 


5-29 


3245 


Quad TTL to MOS Driver for 4K RAMs 


32ns 


388mW 


+12, +5 


5-30 


3246 


Quad ECL to MOS Driver for 4K RAMs 


30ns 


186mW 


-5.2,+5,+12 


5-34 


3404 


High Speed 6-Bit Latch 


12ns 


375mW 


+5 


5-3 


3408A 


Hex Sense Amp and Latch for MOS 
Memories 


25ns 


625mW 


+5 


5-13 


CO 

o 
o 


5234 


Quad CMOS to MOS Driver for 4K RAMs 


20ns 


120mW 


12 


5-38 


5235 


Quad Low Power TTL to MOS Driver for 
4K RAMs 


125ns 


240mW 


12 


5-42 


5235-1 


High Speed Quad Low Power TTL to 
MOS Driver for 4K RAMs 


95ns 


240mW 


12 


5-42 


5244 


Quad CCD Driver 


90ns 


1260mW 


12 


5-46 



Note 1: Power Dissipation calculated with maximum power supply current and nominal supply voltages. 
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3205, 3404 



3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 
3404 HIGH SPEED 6-BIT LATCH 



18ns Max. Delay Over O^'C to 
75° C Temperature: 3205 

12ns Max. Data to Output 
Delay Over 0°C to 75° C 
Temperature: 3404 

Directly Compatible With DTL 
and TTL Logic Circuits 



■ Low Input Load Current: .25mA 
Max., 1/6 Standard TTL Input 
Load 

■ Minimum Line Reflection: Low 
Voltage Diode Input Clamp 

■ Outputs Sink 10mA Min. 

■ 16-Pin Dual In-Line Package 

■ Simple Expansion: Enable 
Inputs 



3205 

The 3205 decoder can be used for expansion of systems which utilize mennory components with active low 
chip select input. When the 3205 is enabled, one of its eight outputs goes "low", thus a single row of a memory 
system is selected. The 3 chip enable inputs on the 3205 allow easy memory expansion. For very large memory 
systems, 3205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memo- 
ry expansions. 

3404 

The Intel 3404 contains six high speed latches organized as independent 4-bit and 2-bit latches. They are 
designed for use as memory data registers, address registers, or other storage elements. The latches act as high 
speed inverters when the "Write" input is "low". 

The Intel 3404 is packaged in a standard 16-pin dual-in-line package; and its performance is specified over the 
temperature range of 0°C to +75° C, ambient. The use of Schottky barrier diode clamped transistors to obtain 
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process. 



PIN CONFIGURATION 



3205 



18 BINARY 
DECODER 



'Vcc 
JOo 



="03 
= 04 

3 05 

30e 



3404 
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3205, 3404 



Absolute Maximum Ratings'^ 

Temperature Under Bias: Ceramic -65°C to +125° C 

Plastic -65°C to +75°C 

Storage Temperature -65°C to +160°C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to +5.5 Volts 

Output Currents 125 mA 



^COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ing" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



D.C. Characteristics t^ = o°c to +75°c, Vcc = b.ov ±5% 

3205, 3404 



SYMBOL 


PARAMETER 


LIMIT 


UNIT 


TEST CONDITIONS 


MIN. 


MAX. 


•f 


INPUT LOAD CURRENT 




-0.25 


mA 


V^^ = 5.25V, Vp = 0.45V 


'r 


INPUT LEAKAGE CURRENT 




10 


ma 


Vcc = 5.25V, V,= 5.25V 


Vc 


INPUT FORWARD CLAMP VOLTAGE 




-1.0 


V 


V^^ = 4.75V, \^ = -5.0 mA 


Vol 


OUTPUT "LOW" VOLTAGE 




0.45 


V 


V^^.= 4.75V, Iql= 10.0 mA 


VoH 


OUTPUT HIGH VOLTAGE 


2.4 




V 


Vcc = 4.75V, loj^ = -1.5 mA 


V,L 


INPUT "LOW" VOLTAGE 




0.85 


V 


Vcc = 5.0V 


V,H 


INPUT "HIGH" VOLTAGE 


2.0 




V 


Vcc = 5.0V 


'sc 


OUTPUT HIGH SHORT 
CIRCUIT CURRENT 


-40 


-120 


mA 


Vcc = 5.0V, Vo^j^ = OV 


Vox 


OUTPUT "LOW" VOLTAGE 
@ HIGH CURRENT 




0.8 


V 


V^^. = 5.0V, Iqx = 40 mA 



3205 ONLY 



'cc 


POWER SUPPLY CURRENT 




70 


mA 


Vcc = 5.25V 



3404 ONLY 



'cc 


POWER SUPPLY CURRENT 




75 


mA 


Vcc=5.25V 


'fwi 


WRITE ENABLE LOAD CURRENT 
PIN 7 




-1.00 


mA 


Vj,^,=5.25V, V^=0.45V 


'fW2 


WRITE ENABLE LOAD CURRENT 
PIN 15 




-0.50 


mA 


V^^=5.25V, V^=0.45V 


'rw 


WRITE ENABLE LEAKAGE CURRENT 




10 


ma 


Vpj=5.25V 



Typical Characteristics 

OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 











— 1 1 — 

Ta = ^B^C ^ 






r^ 










Ta = 25"C^ 




^ 


T 


Vc 


c = 5 


.OV 








i 




Ta = 


r 
OX 














/ 


















/ 


Y 
















J 


f 


















f 












Ta 


= 75'^ 


C^ 


7^/ 


f 
















/^ 


^ 


_ Ta = 0°C 










u/ 


^ 


^ 


-Ta = 25"C 









OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 



1 

.v.- = 


1 

5 OV - 








rr 




















V 

-.■" 


A=2 


5°C 






T 


A-O 


•c— 


1 




Ta = 75«'C 1 












/ 


















/ 
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1 
























































1 










__^ 


J 





5.0 


DATA TRANSFER FUNCTION 












1 1 






4.0 
> 















































— j 






^ 


^ 




Ta = o^ 1 


% 3.0 


"" 








~ 


~" 




^ 






5 












-A 






^ 2.0 

a. 


Ta 25 c 










Ta = 75»C-- 




\ 






1.0 














, 











































V. 





OUTPUT "LOW" VOLTAGE (V) 



1.0 2.0 3.0 4.0 
OUTPUT "HIGH" VOLTAGE (V) 



.6 .8 1.0 1.2 1.4 1.6 1.8 2.0 
INPUT VOLTAGE (V) 
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3205 -HIGH SPEED 1 OUT OF 8 BINARY DECODER 
Switching Characteristics 



CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between W and 2V 

Measurements are made at 1.5V 



TEST LOAD: 



T 



Siii^x^ 



All Transistors 2N2369 or Equivalent. Cl = 30 pF 



TEST WAVEFORMS 



ADDRESS OR ENABLE 
INPUT PULSE 



/ 



1 



X 



I 



A-C. Characteristics T^ = 0°C to +75°C, Vcc = 5.0V ±5% unless otherwise specified. 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


TEST CONDITIONS 


t++ 


ADDRESS OR ENABLE TO 
OUTPUT DELAY 


18 


ns 




^-+ 


18 


ns 




t+_ 


18 


ns 




t 


18 


ns 




C (1) 

Hn 


INPUT CAPACITANCE P3205 


4(typ.) 


pF 


f = 1 MHz, Vcc = OV 
VbIAS = 2.0V, Ta= 250c 


C3205 


5(typ.) 


pF 



l.This parameter is periodically sampled and is not 100% tested. 



Typical Characteristics 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 



z < 



Vcc = 

Ta=2 


5.0V 

5"C 


...^-j-^ 


^ ^ 




^..j::^ 























50 100 150 

LOAD CAPACITANCE (pF) 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 





Vcc = 


5.0 V 
30 pF 




V-. ^-_ 




1 


t_^ 












^■»-+ 

















25 50 

AMBIENT TEMPERATURE (°C) 
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3404-6-BIT LATCH 
Switching Characteristics 

CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between IV and 2V 

Measurements are made at 1.5V 



TEST LOAD: 



"I 



>390« 



All Transistors 2N2369 or Equivalent. Cl= 30pF 



DATA 
INPUT 



WRITE 
ENABLE 



MEASUREMENT FOR DATA DELAY 



TEST WAVEFORMS 



JC 



f 



K 



NOTE 1 : Output Data is valid after t^_, t_^ 



MEASUREMENT FOR WRITE ENABLE DELAY 



DATA 
INPUT 



WRITE 
ENABLE 



^v 



J 



J. 



NOTE 2: Output Data is valid after t , t_^ 



A.C. Characteristics T^ = 0°C to +75°C, Vcc= 5.0V ±5%; unless otherwise specified. 


SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


t+-,t_+ 


DATA TO OUTPUT DELAY 






12 


ns 




t— .t_+ 


WRITE ENABLE TO OUTPUT DELAY 






17 


ns 




^SET UP 


TIME DATA MUST BE PRESENT BEFORE 
RISING EDGE OF WRITE ENABLE 


12 






ns 




*HOLD 


TIME DATA MUST REMAIN AFTER 
RISING EDGE OF WRITE ENABLE 


8 






ns 




twP 


WRITE ENABLE PULSE WIDTH 


15 






ns 




CiNd'3) 


DATA INPUT CAPACITANCE P3404 




4 




pF 


f = 1 MHz, Vcc = OV 
VbIAS = 2.0V.Ta=25OC 


C3404 




5 




PF 


C|Nw(3) 


WRITE ENABLE CAPACITANCE P3404 




7 




pF 


f = 1 MHz, Vcc = OV 
VbIAS=2.0V.Ta = 25OC 


C3404 




8 




pF 



NOTE 3: This parameter is periodically sampled and is not 100% tested. 



Typical Characteristics 

DATA INPUT, WRITE ENABLE 

TO OUTPUT DELAY VS. 

LOAD CAPACITANCE 



DATA INPUT, WRITE ENABLE 

TO OUTPUT DELAY VS. 

AMBIENT TEMPERATURE 



WRITE ENABLE PULSE WIDTH 
VS. LOAD CAPACITANCE 






1 
Vcc = 50V 
Cl = 30 pF 

1 


WR 


ITE ENABLE t 








DATA C 


iR WRITE ENAB 


LEt_ + 




DATA t4._ 


1 











Vcc 


= 5.0V 






^ 






"^ 















100 200 300 

LOAD CAPACITANCE (pF) 



AMBIENT TEMPERATURE (°C) 



100 200 300 

LOAD CAPACITANCE (pF) 
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3207A 



QUAD BIPOLAR-TO-MOS LEVEL SHIFTER 

AND DRIVER 



" High Speed, 45 nsec Max.— 
Delay + Transition Time Over 
Temperature with 200 pF Load 

■ TTL & DTL Compatible Inputs 

■ 1103 and 1103A Memory 
Compatible at Output 

■Simplifies Design -Replaces 
Discrete Components 



■ Easy to Use -Operates from 
Standard Bipolar and MOS 
Supplies 

" Minimum Line Reflection— Input 
and Output Clamp Diodes 

" High Input Breakdown Voltage- 
19 Volts 

■ CerDIP Package -16 Pin DIP 



The 3207A is a Quad Bipolar-to-MOS level shifter and driver which accepts TTL and DTL input signals, and 
provides high output current and voltage suitable for driving MOS circuits. It is particularly suitable for driving 
the 1 103 and 1 103A memory chips. The circuit operates from a 5 volt TTL power supply, and Vss and Vbb 
power supplies from the 1 103 and 1 103A. 

The device features two common enable inputs per pair of devices which permits some logic to be done at their 
inputs, such as cenable and precharge decoding for the 1 103 and 1 103A. 

For the TTL inputs a logic "V is V|h and a logic "0" is V|l . The 3207A outputs correspond to a logic "^" as 
Vol and a logic "0" as Vqh for driving MOS inputs. 

The 3207A is packaged in a hermetically sealed 16 pin ceramic dual-in-line package. The device performance 
is specified over the same temperature range as the 1 103 and 1 103A, i.e. from 0°C to +70°C. 



PIN CONFIGURATION 





VssC 


1 


16 


H^cc 




OUTPUT 


OiC 


2 


15 


^% 


OUTPUT 


DATA INPUT 


DlC 


3 


14 


:d4 


DATA INPUT 


ENABLE INPUT 


EiC 


4 


13 


:iE4 


ENABLE INPUT 


ENABLE INPUT 


E,C 


5 


12 


^^3 


ENABLE INPUT 


DATA INPUT 


D2C 


6 


11 


DD3 


DATA INPUT 


OUTPUT 


o^C 


7 


10 


303 


OUTPUT 


GNDC 


8 


9 


:1Vbb 





LOGIC SYMBOL 
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Absolute Maximum Ratings* 

Temperature Under Bias 0°C to +70°C 

Storage Temperature -65°C to +160°C 

All Input Voltages and V55 -1.0 to +21 V 

Supply Voltage V^c -1.0 to +7V 

All Outputs and Supply Voltage 

VgB with respect to GND -1.0 to +25V 

Power Dissipation at 25°C 2 Watts 



(1) 



3207A 



^COMMENT 
Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other con- 
dition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



(1 ) Refer to the graph of Junction Temperature versus Total Power Dissipation on page 5-10 for other temperatures. 



D. C- Characteristics t^= o°c to 70° c, y^ = 5v ± 5% 



, Vgs = 16V ± 5%, Vgg- Vss= 3.0V to 4.0V 



SYMBOL 


TEST 


LIMIT 
MIN. MAX. 


UNIT 


CONDITIONS 


'fd 


DATA INPUT LOAD CURRENT 


-0.25 


mA 


Vp = .45V, V^^^= 5.25V, All Other Inputs 
at 5.25V, Vgg= 16V, Vgg= 19V 


'fe 


ENABLE INPUT LOAD CURRENT 


-0.50 


mA 


V^ = .45V, V^^= 5.25V, All Other Inputs 
at 5.25V, Vgg= 16V, Vgg= 19V 


'rd 


DATA INPUT LEAKAGE 
CURRENT 


20 


liA 


Vp = 19V, V^^= 5.0V, All Other Inputs 
Grounded, V^^= 16V, V„„= 19V 

bb DO 


're 


ENABLE INPUT LEAKAGE 
CURRENT 


20 


/iA 


Vg = 19V, V^^= 5.0V, All Other Inputs 
Grounded, V^^= 16V, V„„= 19V 

bS oB 


Vol 


OUTPUT "LOW" VOLTAGE 


.8 
.7 
.6 


V(0°C) 

V(25°C) 

V(70°C) 


|QL=500iUA,V^^= 4.75V 
VSS=^6V,V33=19V 
All Inputs at 2.0V 


Voh(MIN.) 


OUTPUT "HIGH" VOLTAGE 


Vss--6 


V(0°C) 

V(25°C) 

V(70°C) 


loH= -500mA, V^^= 5.0V 
V35=16V,Vgg=19V 
All Inputs at 0.85V 


Vqh (MAX.) 




Vss + 1.0 


V 


IqH = 5mA, VcQ = 5.0V 
VsS = ''6V,Vbb = 19V 


•OL 


OUTPUT SINK CURRENT 


100 


mA 


Vq = 4V,V^^=5.0V,V55=16V, 
V3B= 19V, V^=V^= 2.0V 


'oh 


OUTPUT SOURCE CURRENT 


-100 


mA 


Vq = Vgg -4V, V^^= 5.0V, Vgg = 16V 
Vgg= 19V, V^ = Vp = 0.85V 


V.L 


INPUT "LOW" VOLTAGE 


1.0 


V 


Vcc=^-0V'Vss=^6V,Vgg=i9V 


V,H 


INPUT "HIGH" VOLTAGE 


2.0 


V 


V^^= 5.0V, Vgg= 16V, Vgg= 19V 


C,N 


INPUT CAPACITANCE 


SlTypical) 


pF 


Vbias=2-OV,v^^=ov 



POWER SUPPLY CURRENT DRAIN: 
All Outputs "Low" 



Symbol 


Parameter 


Min. Max. 


Unit 


Conditions 


'cc 


Current from Vqq 


83 


mA 


^QQ = 5.25V, Vgs = 16.8V, Vgg = 20.8V 
All Inputs Open 


'SS 


Current from Vgg 


250 


jUA 


'bb 


Current from Vgg 


21 


mA 


''total 


Total Power Dissipation 


900 


mW 



All Outputs "High" 



'cc 


Current from Vqq 


33 


mA 


Vqq = 5.25V, Vgg = 16.8V, Vgg = 20.8 V 
All Inputs Grounded 


'ss 


Current from Vgg 


250 


jUA 


'bb 


Current from Vgg 


3 


mA 


^TOTAL 


Total Power Dissipation 


250 


mW 



Standby Condition with Vqq = OV, Vgg = Vgg 



'cc 


Current from ^nr 





mA 


Vcc=OV, Vgg = 16.8V, Vgg = 16.8V 


'ss 


Current from Vgg 


250 


flA 


'bb 


Current from Vgg 


250 


MA 


^TOTAL 


Total Power Dissipation 


10 


mW 
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Switching Characteristics 
A.C. Characteristics 

Ta = 0°C to 70°C, Vcc = 5V ±5%, Vgs = 16V ±5%, Vqq = W^s +3 to 4V, f = 2 MHz, 50% Duty Cycle 



SYMBOL 


TEST 


LIMITS (ns) 










DELAY DIFFERENTIAL^^' 






Cl 


= 100pF 


Cl 


= 200 pF 


Cl = 200pF 






MIN. 


MAX. 


MIN. 


MAX. 


MAX. 


^+— 


INPUT TO OUTPUT DELAY 


5 


15 


5 


15 


5 


^—+ 


INPUT TO OUTPUT DELAY 


5 


25 


5 


25 


10 


^r 


OUTPUT RISE TIME 


5 


20 


5 


30 


10 


tf 


OUTPUT FALL TIME 


5 


20 


10 


30 


10 


^D 


DELAY + RISE OR FALL TIME 


10 


35 


20 


45 


10 



(1) This is defined as the maximum skew between any output in the same package, eg., all the input to output delays for the 
t_+ parameter are within a maximum of 10 nsec of each other in the same package. 




Typical Characteristics 



SWITCHING TIME VS. 
AMBIENT TEMPERATURE 



SWITCHING TIME VS. 
LOAD CAPACITANCE 



Vss = 


5.0V 
16V 






19V 
200 pF 












^^„,.»-^-+ 








tf 








■~"" 



Vcc = 
Vss = 


5.0 V 
16V 






Vbb = 
Ta = 


25°C 


^^ 


^ 


^ 


^ 


^--^^^ 


t+_ 











AMBIENT TEMPERATURE (°C) 



100 200 300 

LOAD CAPACITANCE (pF) 
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3207A 



Power and Switching Characteristics 

POWER CONSUMED IN CHARGING AND 

DISCHARGING LOAD CAPACITANCE 

OVER OV TO 16V INTERVAL 



NO LOAD D.C. POWER DISSIPATION VS. 
OPERATING DUTY CYCLE 






/ / / / 


- V/ 


y 


/\ 1 1 1 1 1 M 


1 1 1 1 1 1 1 1 




FREQUENCY OF SWITCHING (MHz) 
POWER = CV2f 



50 75 

SWITCHING DUTY CYCLE (%) 



JUNCTION TEMPERATURE VS. TOTAL 
POWER DISSIPATION OF THE CIRCUIT 



WORST CASELOAD CAPACITANCE 

ON EACH OUTPUT VS. 

FREQUENCY OF SWITCHING 






PERATINGINTH 
RECOMIV 


IS REGION IS NO 
ENDED 


■ 




^r ^ 


"V^ 


/' ^ 




>^^ 
^^^ 

y^^ 

^ ^ 




y^ 











of: 

< 2 
o o 



feS 




TOTAL POWER DISSIPATION OF THE CIRCUIT (W) 
TOTAL POWER = D.C. POWER + POWER CONSUMED IN 
CHARGING AND DISCHARGING LOAD CAPACITANCE. 



1 2 3 

FREQUENCY OF SWITCHING (MHz) 
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3207A-1 

QUAD BIPOLAR-TO-MOS LEVEL SHIFTER 

AND DRIVER 



Power Supply Voltage 
Compatible with the High 
Voltage 1103-1 



■ 1103-1 Memory Compatible 
at Output 



The Intel 3207 A-1 is the high voltage version of the standard 3207A, and is compatible with the 1103-1. The 
3207 A- 1 has all the same features as the standard 3207 A. The absolute maximum ratings and pin configuration 
are repeated below for convenience, while the DC and AC characteristics appear below and on the next page. 



PIN CONFIGURATION 



VssC 

OUTPUT 0,C 

DATA INPUT D,C 

ENABLE INPUT E,C 

ENABLE INPUT E^ C 

DATA INPUT 0?C 

OUTPUT O^C 

GNDC 



3Vcc 

DO^ OUTPUT 

DO4 DATA INPUT 

DE^ ENABLE INPUT 

DE3 ENABLE INPUT 

DD3 DATA INPUT 

1 O3 OUTPUT 

3Vrr 



LOGIC SYMBOL 



N>-° 




ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to +55°C 

Storage Temperature -65°C to +160°C 

All Input Voltages -1.0 to +21 Volts 

Supply Voltage Vqc -1.0 to +7.0 Volts 

All Outputs and Supply Voltages Vbb and Vss 

with respect to GND -1.0 to +25 Volts 

Power Dissipation at 25°C . 2 Watts 

COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or at any 
other condition above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device 
reliability. 



D. C. Characteristics Ta = o°c to 55° c, Vcc = 5v ± 5%, Vss = 19V ± b%, \%^ -Vgs = a.ov to 4.ov 


SYMBOL 


TEST 


LIMIT 
MIN. MAX. 


UNIT 


CONDITIONS 


'fd 


DATA INPUT LOAD CURRENT 


-0.25 


mA 


y^ = .45V, V^^= 5.25V, All Other Inputs 
at 5.25V, Vg3= 19V.V33= 23V 


•fe 


ENABLE INPUT LOAD CURRENT 


-0.50 


mA 


V^ = .45V, V^^= 5.25V, All Other Inputs 
at 5.25V, V5g= 19V, Vgg= 23V 


'rd 


DATA INPUT LEAKAGE 
CURRENT 


20 


ma 


V|3 = 19V, V^^= 5.0V, All Other Inputs 
Grounded, Vgg= 19V, Vgg= 23V 


're 


ENABLE INPUT LEAKAGE 
CURRENT 


20 


ma 


Vg = 19V. V^^= 5.0V, All Other Inputs 
Grounded,V„= 19V, V„„= 23V 

bo DO 


Vol 


OUTPUT "LOW" VOLTAGE 


0.8 
0.7 
0.6 


V(0°C) 

V(25°C) 

V(55°C) 


|QL=500iHA.V^^= 4.75V 
Vss = ^9V' ^BB= 23V 
All Inputs at 2.0V 


Vqh (min.) 


OUTPUT "HIGH" VOLTAGE 


Vss-0-6 
Vss-0-5 


V(0°C) 

V(25°C) 

V{55°C) 


'0H= -500mA, V^^= 5.0V 
Vgg=19V, Vgg=23V 
All Inputs at 0.85V 


Vqh (MAX.) 




Vss +1.0 


V 


l0H= 5 mA. Vcc = 5.0V 
Vss = 19V. Vbb = 23V 


'OL 


OUTPUT SINK CURRENT 


100 


mA 


VQ = 4V,V^,^=5.0V,Vgg= 19V. 
Vgg=23V. Vg=Vp=2.0V 


'oh 


OUTPUT SOURCE CURRENT 


-100 


mA 


^o " ^ss""*^' "^cc" 5-°^' '^ss" ""^^ 
V= 23V, V^=V^ = 0.85V 


Sl 


INPUT "LOW" VOLTAGE 


1.0 


V 


Vcc=50^'^ss=i9V'V=23V 


V|H 


INPUT "HIGH" VOLTAGE 


2.0 


V 


y^^= 5.0V, Vg5= 19V. Vgg= 23V 


C,N 


INPUT CAPACITANCE 


BlTypical) 


pF 


Vb.as=2.0V,V^^=0V 
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D-C. Characteristics (Continued) T^ = 0°C to +55°C, Vcc = 5V ± 5%, Vss = 19V ± 5%, Vbb -Vss = 3.0V to 4.0V 

POWER SUPPLY CURRENT DRAIN: 
All Outputs "Low" 



Symbol 


Parameter 


Min. Max. 


Unit 


Conditions 


'cc 


Current from Vqp 


83 


mA 


Vqc = 5.25V, Vss " 20V, Vgg = 24V 
All Inputs Open 


'ss 


Current from V55 


250 


/iA 


'bb 


Current from Vgg 


25 


mA 


''total 


Total Power Dissipation 


1040 


mW 



All Outputs "High" 



'cc 


Current from Vqq 


33 


mA 


Vcc = 5.25V, Vss = 20V, Vgg = 24V 
All Inputs Grounded 


'ss 


Current from Vgs 


250 


fJLA 


'bb 


Current from Vgg 


5 


mA 


^TOTAL 


Total Power Dissipation 


297 


mW 



Standby Condition with Vqq = OV, Vgg = Vg 



'cc 


Current from Vqq 





mA 


Vcc = OV, Vss = 20V, Vgg = 20V 


'ss 


Current from Vss 


500 


iUA 


'bb 


Current from Vgg 


500 


flA 


^TOTAL 


Total Power Dissipation 


15 


mW 



A.C. Characteristics 

Ta = 0°C to 55°C, Vcc = 5V ±5%, Vss = 19V.±5%, Vgg = Vss +3 to 4V, f = 2 MHz, 50% Duty Cycle 



SYMBOL 


TEST 


LIMITS (ns) 










DELAY DIFFERENTIAL*^' 






Cl 


= 100pF 


Cl 


= 200 pF 


Cl = 200 pF 






MIN. 


MAX. 


MIN. 


MAX. 


MAX. 


'^+— 


INPUT TO OUTPUT DELAY 


5 


15 


5 


15 


5 


^-+ 


INPUT TO OUTPUT DELAY 


5 


25 


5 


25 


10 


t^ 


OUTPUT RISE TIME 


5 


20 


5 


30 


10 


^f 


OUTPUT FALL TIME 


5 


25 


10 


35 


10 


*D 


DELAY + RISE OR FALL TIME 


10 


35 


20 


45 


10 



(1) This is defined as the maximum skew between any output in the same package, eg., all the input to output delays for the 
t_+ parameter are within a maximum of 10 nsec of each other in the same package. 



Waveforms 

V, 
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Intel 



3208A, 3408A 



HEX BIPOLAR SENSE AMPLIFIERS 
FOR MOS CIRCUITS 

3208A HEX SENSE AMPLIFIER 
3408A HEX SENSE AMPLIFIER WITH LATCHES 



■ High Speed -20 nsec. max. 

' Wire-OR Capability- 
Open Collector Output. .SZOSA 
Three-State Output 3408A 

' Single 5 V Power Supply 

■ Input Level Compatible with 
1103 Output 



■ Two Enable Inputs 

■ Minimum Line Reflection •••• Low 
Voltage Diode Input Clamp 

■ Plastic 18 Pin Dual In-Line 
Package 

■ Schottky TTL 



The Intel 3208A is a high speed hex sense amplifier designed to sense the output signals of the 1 103 memory. 
The device features two separate enable inputs each controlling the output state of three sense amplifiers, and a 
common voltage reference input. OR-tie capability is available with the 3208 A open collector TTL compatible 
output. 

The 3408A is a hex sense amplifier with a latch circuit connected to each amplifier. The sensed data may be 
stored in the latches through application of a write pulse. The 3408A has three-state TTL outputs, hence in the 
non-enabled state the outputs float allowing wire-OR memory 'expansion. The latches may be bypassed by 
grounding the write input pin. Under this condition, the 3408A functions as a hex sense amplifier. 

The 3208A and 3408A operate from a single -i-5 volt power supply. Device performance is specified over the 
complete ambient temperature range of 0°C to 70° C and over a Vcc supply voltage range of 5 volts ±5%. The 
3208A and 3408A are packaged in an 18 pin plastic dual in-line package. 



PIN CONFIGURATIONS 



NC ^ 
REF Q 2 

S5 Q 7 

Ss C 8 

GND Q 9 



3208A 



Dvcc 

I103 
11°^ 

I] OS 

-]0e 



W[I1 
REF Q 2 

s,[:3 
S3 [1 5 

S4 [^ 6 

S5CI 7 

Ss C 8 

GND Q 9 



18 '^ Vcc 

17 He, 

16 H Oi 
15 Ho, 
14l]03 
13 Ho, 
12 HO5 
llH°e 
10 Z\h 



3408A 



PIN NAMES 


Si, S2, 53,54,55,86 


5EN5E AMPINPUT5 


El,E2 


ENABLE INPUT5 


REF 


REFERENCE INPUT 


O1.O2.O3.O4.O5. 06 


0UTPUT5 (Non-inverting) 


W 


WRITE INPUT (3408Aonly) 




BLOCK DIAGRAMS 

3208A 



3408A 




0= GND 

(~) = PIN NUMBER 



5^/5 



3208A, 3408A 



Absolute Maximum Ratings'^ 



Temperature Under Bias -55°C to +125°C 

Storage Temperature -65° C to +1 60° C 
All Outputs or Supply Voltage -0.5 to +7 Volts 

All TTL Input Voltages -1 to +5.5 Volts 

All Sense Input Voltages -1 to +1 Volt 

Output Currents Total 300mA 

Input Current 125 mA 



COMMENT: 

Stresses above those listed under ''Absolute 
Maximum Rating" may cause permanent damage 
to the device. This is a stress rating only and 
functional operation of the device at this or at 
any other condition above those indicated in the 
operational sections of this specification is not 
implied. 



D. C- Characteristics for 3208A t^ = o°c to 7o°c, v^c = 5v ±5% 


SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


'fe 


INPUT LOAD CURRENT ON 
ENABLE INPUT 






-0.25 


mA 


Vcc = 5.25V 
Vp= 0.45 V 


're 


INPUT LEAKAGE CURRENT 
ON ENABLE INPUT 






20 


/iA 


Vcc = 4.75V 
Vp5 = 5.25V 


V,H 


INPUT "HIGH" VOLTAGE 
ON ENABLE INPUT 


2.0 






V 


Vcc = 5.0V 


V,L 


INPUT "LOW" VOLTAGE 
ON ENABLE INPUT 






0.85 


V 


Vcc = 5.0V 


Vol 


OUTPUT "LOW" VOLTAGE 






0.45 


V 


Vcc = 4.75V 
Iql= 10mA 


'CEX 


OUTPUT LEAKAGE CURRENT 






100 


M 


Vcc = 5.25V 
VcEX= 5.25V 


'ref 


INPUT CURRENT ON 
REFERENCE INPUT 






-150 


MA 


Vcc = 5.25V 
Vrep = lOOmV 


's 


INPUT CURRENT ON 
SENSE AMP INPUT 






-25 


ma 


Vcc = 5.25V 
Vs=100mV 


VsH 


INPUT "HIGH" VOLTAGE FOR 
SENSE AMP INPUT 


Vref 






mV 


Vcc = 4.75 to 5.25V 
Vref = 100to200mV 


VSL 


INPUT "LOW" VOLTAGE FOR 
SENSE AMP INPUT 






Vref 
-50 


mV 


Vcc = 4.75 to 5.25V 
VF5Ep = 100to200mV 


Vref 


OPERATING RANGE OF 
REFERENCE VOLTAGE 


100 




200 


mV 


Vcc = 4.75 to 5.25V 


'cc 


POWER SUPPLY CURRENT 






120 


mA 


Vcc = 5.25V 


Vc 


INPUT CLAMP VOLTAGE 
ON ALL INPUTS 






-1.0 


V 


Vcc = 4.75V 
lc= -5.0 mA 


VsD 


SENSE INPUT CLAMP 
DIODE VOLTAGE 






1.0 


V 


Vcc = 5.0V 
lj^= 5.0mA 



3208A TRUTH TABLE 



INPUTS 


OUTPUT 


Sense Amp 


Enable 


<Vrep -50mV 

>Vref 
X 


L 
L 
H 


L 
H 
H 



X = Don't care 
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3208A, 3408A 



D. C. Characteristics for 3408A t^= o°c to +7o°c, Vcc = 5v +5% 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


'fe 


INPUT LOAD CURRENT 
ON ENABLE INPUT 






-0.25 


mA 


Vcc = 5.25V 
Vp = 0.45V 


're 


INPUT LEAKAGE CURRENT 
ON ENABLE INPUT 






20 


^xA 


Vcc = 4.75V 
Vr = 5.25V 


'fw 


INPUT LOAD CURRENT 
ON WRITE INPUT 






-0.25 


mA 


Vcc = 5.25V 
Vp = 0.45V 


'rw 


INPUT LEAKAGE CURRENT 
ON WRITE INPUT 






20 


ma 


Vcc = 4.75V 
Vr = 5.25V 


V,H 


INPUT "HIGH" VOLTAGE 

ON ENABLE AND WRITE INPUT 


2.0 






V 


Vcc = 5.0V 


V,L 


INPUT "LOW" VOLTAGE ON 
ENABLE AND WRITE INPUT 






0.85 


V 


Vcc = 5.0V 


Vol 


OUTPUT "LOW" VOLTAGE 






0.45 


V 


Vcc = ^•'75V 
Iql= 10mA 


VoH 


OUTPUT "HIGH" VOLTAGE 


2.4 






V 


Vcc = 4.75V 
l0H= -1.5mA 


I'ol 


OUTPUT LEAKAGE CURRENT 
FOR HIGH IMPEDANCE STATE 






100 


HA 


Vcc = 5.25V 

Vo = 0.45V/5.25V 


isc 


OUTPUT SHORT CIRCUIT 
CURRENT 


-40 




-100 


mA 


Vcc = 5.0V 
Vo = OV 


Iref 


INPUT CURRENT ON 
REFERENCE INPUT 






-150 


/iA 


Vcc = 5.25V 
Vref = 100mV 


's 


INPUT CURRENT ON 
SENSE INPUT 






-25 


ma 


Vcc = 5.25V 
Vs=100mV 


VSH 


INPUT "HIGH" VOLTAGE 
FOR SENSE AMP INPUT 


Vref 






mV 


Vcc = 4.75 to 5.25V 
VREF = 100to200mV 


VsL 


INPUT "LOW" VOLTAGE 
FOR SENSE AMP INPUT 






Vref 
-60 


mV 


Vcc " "^-^5 to 5.25V 
Vref = 100to200mV 


Vref 


OPERATING RANGE OF 
REFERENCE VOLTAGE 


100 




200 


mV 


Vcc =4.75 to 5.25V 


'cc 


POWER SUPPLY CURRENT 






125 


mA 


Vcc = 5.25V 


Vc 


INPUT CLAMP VOLTAGE 
ON ALL INPUTS 






-1.0 


V 


Vcc = ^•75V 
lc=-5.0V 


VSD 


SENSE INPUT CLAMP 
DIODE VOLTAGE 






1.0 


V 


Vcc = 5.0V 
Id= 5.0mA 



3408A TRUTH TABLE 



INPUTS 


OUTPUT 


Sense Amp 


Enable 


Write 


<Vref -60mV 
>Vref 
X 

X 


L 
L 
L 

H 


L 
L 
H 

X 


L 

H 

Previous 
Data Stored 

High Z* 



X = Don't care 

*The output of the 3408A is three-state, 

hence when not enabled the output is a 

high impedance. 
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3208A, 3408A 



Typical D. C. Characteristics for 3208A/3408A 



SENSE AND REFERENCE INPUT CURRENT 
VS. AMBIENT TEMPERATURE 



5 -40 







1 -' 

Vcc = 5.0V 


~ — - 


-^^^^2^!!!CBJNPUT^ 






SENSE INPUT 











25 50 

AMBIENT TEMPERATURE (°C) 



SENSE THRESHOLD VS. 
REFERENCE INPUT VOLTAGE 



300 

200 

100 








Vcc=5.0V 








^ 


r 





100 200 

REFERENCE INPUT VOLTAGE (mV) 



OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 



OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 



Vcc 


= 5.0V 


^ 






Ta= 70'Cv^ 

TA=2ff>C^ 

T^ = 0°C^ 


^ 


r 








. 


J 









VCC = 


5.0V 


Ta=0«'C — « 


0^ 


-Ta= 25°C 

-Ta= yo-'c 






/ 










/ 








/ 


' 








/ 









100 200 300 

OUTPUT "LOW" VOLTAGE (mV) 



1.0 2.0 3.0 

OUTPUT "HIGH" VOLTAGE (V) 
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3208A, 3408A 



A.C. Characteristics Ta= o°c to 70° c, Vcc = 5v ±5% 

3208A 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


ts- 


SENSE AMP INPUT TO OUTPUT 
DELAY 






20 


ns 


D.C. LOAD= 10mA 
Cl=30pF 


tE- 


ENABLE INPUT TO OUTPUT 
DELAY 






20 


ns 


D.C. LOAD = 10mA 
Cl=30pF 


tE+ 






25 , 


3408A 


twp 


WRITE PULSE WIDTH 


30 






ns 


D.C. LOAD = 10mA 
CL = 30pF 


ts- 


SENSE AMP INPUT TO OUTPUT 
DELAY 






25 


ns 


D.C. LOAD = 10mA 
Cl = 30pF 


tE- 


ENABLE INPUT TO OUTPUT 
DELAY. LATCH STORES "LOW" 






20 


ns 


D.C. LOAD = 10mA 
Cl = 30pF 


tE+ 


ENABLE INPUT TO OUTPUT 
DELAY, LATCH STORES "HIGH" 






25 


ns 


D.C. LOAD = 10mA 
Cl=30pF 



Capacitance^^' Ta= 25°c, f = 1 mhz 



SYMBOL 


TEST 


LIMITS 


TYP. 


MAX. 


Co 


Vcc=OV.Vb,as =2.0V 


8 


12 


C|NE 


ENABLE INPUT 

Vcc = OV,Vb,as =2.0V 


6 


10 


C|NS 


SENSE INPUT 


6 


10 



(1) This parameter is periodically sampled and is 
not 1 00% tested. 



Waveforms 

3208A/3408A 



ENABLE \ / 

INPUT V^ 7 



\ 



Switching Characteristics 

CONDITIONS OF TEST 

• Input Pulse amplitude: 2.5V for all TTL compatible 
inputs and 2.5V through a resistor network as shown 
below for sense input. 

• Input Pulse rise and fall times: 5ns. 

• Speed measurements are made at 1.5V for all TTL 
compatible inputs and outputs, and for sense input, 
see network and waveforms below. Vp^p is set at 
150mV. 

10mA TEST LOAD 

SENSE INPUT 
Q 



2.4K 

PULSE o VVv- 

INPUT 



D. U.T. 
" INPUT 



r 



D.U.T. 
OUTPUT- 



T 



3408 A ONLY 



PULSE 
INPUT 



SENSE 
INPUT 
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3208A, 3408A 



Typical A. C. Characteristics 



SENSE INPUT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 







Vcc = 5.0V 

D.C. LOAD = 10mA 

CL=30pF 

Vref= 150mV 




3408 A t,_ 








3208At,_ 















ENABLE INPUT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 







Vcc = 5.0V 

D.C. LOAD = 10mA 

Cl= 30pF 






3208AtE^ 
^3408AtE + 






3208A, 3408A tg. 




. 





AMBIENT TEMPERATURE {°C) 



AMBIENT TEMPERATURE (°C) 



3408A WRITE PULSE WIDTH VS. 
AMBIENT TEMPERATURE 







Vcc = 5.0V 






^__ 









SENSE INPUT TO OUTPUT DELAY 
VS. REFERENCE INPUT VOLTAGE 



25 50 

AMBIENT TEMPERATURE (°C) 



Vref (mV) 
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inW 



3222 









REFRESH CONTROLLER FOR 4K DYNAMIC 
RANDOM ACCESS MEMORIES 



■ Ideal for use in 
2107A, 2107B Systems 

■ Simplifies System Design 

■ Reduces Package Count 

■ Standard 22-Pin DIP 



■ Adjustable Refresh Timing 
Oscillator 

■ 6-Bit Address Multiplexer 

■ 6-Bit Refresh Address Counter 

■ Refresh Cycle Controller 



The Intel® 3222 is a refresh controller for dynamic RAMs requiring refresh of up to 6 input addresses (or 4K bits for 64 x 64 
organization). The device contains an accurate refresh timer (whose frequency can be set by an external resistor and 
capacitor), plus all necessary control and I/O circuitry to provide for the refresh requirements of dynamic RAMs. The chip's 
high performance makes it especially suitable for use with high speed N-channel RAMs like the Intel® 2107B. The 3222 Is well 
suited for asynchronous dynamic memory systems. 

The 3222 operates from a single +5 volt power supply and Is specified for operation over a 0°C to 75°C ambient temperature 
range. It is fabricated by means of Intel's highly reliable Schottky bipolar process. 




PIN CONFIGURATION 



BLOCK DIAGRAM 



refreqC 

CYREQ C 
STARTCY C 

AlC 
AoC 

^c 

GROUND C 



Ivcc 

1 Rx/Cx 

lACi< 

J REFON 

I] BUSY 

HAS 

3A4 

HAb 

n^ 



PIN NAMES 



Ao-Ab ADDRESS inputs 


00-05 


ADDRESS OUTPUTS 


ACK ACKNOWLEDGE 
OUTPUT 


Q 


INTERNAL REFRESH 
REQUEST LATCH OUTPUT 


BUSY BUSY INPUT 


REFON 


REFRESH ON OUTPUT 


CYREQ CYCLE REQUEST 
INPUT 


REFREQ 


REFRESH REQUEST INPUT 


RxCx 


RC TIE POINT 


STARTCY 


START CYCLE OUTPUT 


Vcc 


+5V SUPPLY 



ADDRESS r- 
INPUTS L 
(Ao-Ag) 



:> 



TIMER 
CONTROL 



Qr-O — I 



_ I 



REFREQL-o- 



CYREQ O- 
BUSY o- 



6 BIT 
REFRESH 
COUNTER 



X> 



2 INPUT 

6 CHANNEL 

ADDRESS 

MULTIPLEXER 



^ 



ADDRESS 
OUTPUTS 
(O0-O5) 



Final Data Sheet Information Will Be Available In Second Quarter 1976. 
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Absolute Maximum Ratings* 

Temperature Under Bias -65° to +125°C 

Storage Temperature -65° to +160°C 

All Input, Output or Supply Voltages .... -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 1 00 m A 

Power Dissipation 1 W 



*COMMENT 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 



j.C- eiian 


aCteriStlCS am Limits Apply for Vcc = 


+5.0V ±, 


5%,Ta =0°Cto+75°C. 






Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.fi] 


Max. 


Test Conditions 


Ifb 


Input Load Current BUSY 




0.40 


1 


mA 


V|N = 0.45V 


Ifo 


Input Load Current All Other Inputs 




0.05 


0.25 


mA 


V,N= 0.45V 


'rb 


Input Leakage Current BUSY 




<1 


50 


/iA 


V|N = Vcc 


'ro 


Input Leakage Current All Other Inputs 




<1 


20 


/iA 


V|N = 5.25V 


VcLAMP 


Input Clamp Voltage 




-0.76 


-1 


V 


Ic = -5.0mA 


V,L 


Input "Low" Voltage 






0.8 


V 




V|H 


Input "High" Voltage 


2.0 






V 




Ice 


Power Supply Current 




91 


120 


mA 


Vcc = 5.25V 


isc 


Output High Short Circuit Current 




-48 


-70 


mA 


VouT = OV 
Vcc = 5.25V 


Vol 


Output Low Voltage 




0.32 


0.45 


V 


loL = 5mA 


VOH 


Output High Voltage (O0-O5) 


2.6 


3.1 




V 


loH =-lmA 
Vcc = 4.75V 


VoHl 


Output High Voltage (All Other Outputs) 


2.4 


3.0 




V 


loH =-1mA 
Vcc = 4.75V 



Note 1 : Typical values are for T/^ = 25" C and nominal power supply voltages. 



Capacltancef^J , Ta = 25° C 





Test 


Limits (pF) 




Symbol 


Typ. 


Max. 


Conditions 


C|N (Address) 


Input Capacitance 


5 


10 


Vbias=2.0V 


C,n(CYREQ) 


Input Capacitance 


6 


10 


Vcc = ov 


C|N (BUSY) 


Input Capacitance 


20 


30 


f = 1MHz 



Note 2: This parameter is periodically sampled and is not 100% tested. 
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A.C- Characteristics ah Umlts Apply for Vcc = +5.0V ±5%, Ta =0°Cto+75°C. Load = 1 TTL, Cl=*15pF. ,,/ 
Conditions of Test: Input pulse amplitude: 3V, Input rise and fall times: 5ns between IV and 2V. Measurements are made at 1.5V. 



Symbol 


Parameter 


Min. 


Typ.^ 


Max. 


Unit 


Conditions 


^AA 


Address In to Address Out 




7 


12 


ns 


BUSY = V,H 


tBAM 


BUSY In to Address Out 




21 


28 


ns 




tBAR 


BUSY In to Counter Out 




18 


27 


ns 




tBK 


BUSY In to ACK Out 




14 


20 


ns 


REFREQ=V,H,CYREQ=V|L 


tSR 


BUSY IntoREFONOut 




15 


24 


ns 




tBS 


BUSYIntoSTARTCYOut 


4 


7 


14 


ns 


CYREQ= V|L 


tHOLD 


BUSY Hold Time 


50 






ns 


External Delay between STARTCY and 
BUSY 


tRH 


CYREQor REFREQ Hold Time 









ns 


External Delay after BUSY 


tRR 


REFREQto REFON 




18 


26 


ns 


CYR EQ and BUSY = V,h , No priority 
contention between REFREQ and 
CYREQ 


tRRC 


REFREQ to REFON 




33 


45 


ns 


BUSY = V,H 


tRS 


CYREQor REFREQ In to 
STARTCY Out 


9 


14 


21 


ns 


BUSY = V|H 


t Setup 


BUSY Setup Time 


120 






ns 


BUSY= V|L During Refresh 



Note 1 : Typical values are for T/\ = 25°C and nominal power supply voltages, 

A. SYSTEM MEMORY CYCLE 
WITH MEMORY NOT BUSY 

(Numbers in parentheses are 



B. SYSTEM MEMORY CYCLE WITH MEMORY 
BUSY (FOLLOWING REFRESH CYCLE) 

minimum values in ns unless otherwise specified.) 



CYREQ 
(IN) 




CYREQ 

(IN) 




ACK 
(OUT) 



A0-A5 
UN) 
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C. REFRESH MEMORY CYCLE WITH 
MEMORY NOT BUSY 



D. REFRESH MEMORY CYCLE WITH MEMORY 
BUSY (FOLLOWING SYSTEM CYCLE) 



(Numbers In parentheses are minimunn values In ns unless otherwise specified.) 




ADDRESS 6^ 

(OUT) 



NOTE 1: tRp (26ns MAX) IF PRIORITY CONTENTION IS ELIMINATED; tppg 




E. TYPICAL APPLICATION OF 3222 REFRESH 
CONTROLLER IN A 2107B SYSTEM 




BUSY 

LATCH 

(7474) 



FROM 
MEMORY> 
TIMING 

" TO MEMORY TIMING (VALID 
WHEN ADDRESSES ARE STABLE) 



ONLY ONE 3222 IS REQUIRED PER SYSTEM. 
ADEQUATE BUFFERING SHOULD BE PROVIDED 
BETWEEN THE 3222 ADDRESSES (Oq-Ob) 
OUTPUTS AND THE MEMORY INPUTS. 



F. USE OF 3222 FOR REFRESH TIMING AND 
CONTROL IN A 2104 SYSTEM 



12-BIT CPU ADDRESS 



ROW ENABLE 



->- 



XL 



7474 

CLK Q 

CLR 



2104 
MEMORY 
DEVICES 



j£~ 
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PIN NAMES AND FUNCTIONS 

Pin Pin 

No. Name Function 



1 Q 



REFREQ 



CYREQ 



STARTCY 



5-7 A0-A5 

15-17 



8-10 O0-O5 



18 BUSY 



19 REFON 



20 ACK 



Output of the internal Refresh Re- 
quest latch. This pin may be con- 
nected to t he Refresh Request input 
(REFREQ) directly for asynchro- 
nous sequential mode refresh or 
indirectly through control logic for 
burst mode or synchronous mode 
refresh (see text). 

Refresh Request input (active when 
low). The request is honored only If 
the memory i s not p resently execut- 
ing a cycle (BUSY high) and if a 
system cycle request did not occur 
first. 

System Memory Cycle Request in- 
put (active when low). The request 
is honored only if the memory is not 
presently executing a cycle (BUSY 
high) and If a refresh request did not 
occur first. 

Output signal indicating to external 
circuitry that a memory cycle 
(system or refresh) is to begin. See 
text for timing considerations for a 
refresh cycle. 

Low order system address inputs. 
These addresses are multiplexedjo 
the address output pins (O0-O5) 
during a system cycle. 

Low order memory address outputs. 
During a system cycle these outputs 
give the low order (A0-A5) address 
of a memory access. During a 
refresh cycle these outputs give the 
refresh address (generated internal 
to the 3222). 



11 GROUND Ground. 



An externally generated signal 
which the 3222 monitors to d eterm- 
ine memory system status. If BUSY 
is high the memory is not busy and a 
sy stem o r refresh cycle may begin. 
If BUSY is low the memory is being 
accessed for a data I/O or refresh 
cycle and no other cycle may begin. 

The 3222 output which when low in- 
dicates the memory system is either 
ready to begin or is in a refresh cycle 
(Refresh On). 

The 3222 output which when low in- 
dicates the memory system is 
either ready to begin or is in a 
system cycle (system cycle request 
accepted and acknowledged). 
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Pin 


Pin 






No. 


Name 


Function 








21 RX/CX Connection point for the RC net- 

work which determines the refresh 
period for sequential refresh mode. 
(See Refresh Control section). 

22 Vcc +5 volt supply. 



FUNCTIONAL DESCRIPTION 

The Intel® 3222 performs the four basic functions of a 
refresh controller by: 

1. Providing a refresh timing oscillator. 

2. Generating six bit refresh addresses. 

3. Multiplexing refresh and system addresses to the six 
low order address inputs (Oq-Os). 

4. Providing control signals for both refresh and mem- 
ory cycle accesses. 

As shown in the pin configuration figure, the 3222 has as 
inputs the six low order (A(rA5) system addresses. These 
addresses are internally multiplexed with six internally 
generated refresh addresses. The output of these 
multiplexers provide the six low order addresses to the 
memory array. 

The block diagram shows the four main circuit categories of 
the 3222. An explanation of the workings of each of these 
categories is given in the Device Operation section from a 
users point of view. 



DEVICE OPERATION 

Operation of the Intel® 3222 Refresh Controller is most 
easily explained by considering five conditions presented 
by the three input control li nes Cycle Request (C YREQ) , 
Refresh Request (REFREQ), and System Busy (BUSY). 
These conditions are: 

1. System memory cycle request — memory not busy 
(BUSY = High) 

2. System memory cycle request — memory busy 
(BUSY =Low) 

3. Refresh cycle request — memory not busy 
(BUSY = High) 

4. Refresh cycle request — memory busy 
(BUSY =Low) 

5. Simultaneous system memory cycle and refresh cycle 
requests. 

Condition 5 is actually a subset of the four previous 
conditions and is included for completeness. 

As is implied in the five conditions, the response of the 3222 
to both refr esh an d memory c ycles is dependent on the 
state of the BUSY input. The BUSY signal is generated 
externally to the 3222 and, when low, defines the time when 
the memory is performing a cycle (refresh or memory 
access). It is important to assure that BUSY is low for the 
entire memory cycle time. Interferen ce ma y occur in 
asynchronous memory systems if the BUSY input goes 
high prematurely. (An asynchronous memory system is 
one in which the refresh and memory cycle requests occur 
independent of each other.) 
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System Memory Cycle Request — Memory Not Busy 

This section details operation ofthe3222when the memory 
is not busy and a request for a system memory cycle is 
made (See Figure A for timing sequen ces). The request for 
a memory cycle is made by the CYREQ input going low. The 
Start Cycle output STARTCY goes low at tps after CYREQ. 
STARTCY is used for two purposes: 



1. To set the external BUSY latch. (See Figure E.) 

2. To initiate memory system timing (after appropriate 
delay). 

The required delay time depends on system configuration 
and associated delay paths for both Chip Enable (2107B 
input signal) and system addresses. 



The low going BUSY input causes the internally generated 
Start Cycle output to go high and the Acknowledge output 
ACK to go low (after teK time). The Acknowledge output 
confirms that the requested system memory cycle has been 
accepted by the 3222. Note that the cy cle req uest input may 
be returned to the high state when the BUSY input goes low. 
However, at the designer's discreti on, the cycle request line 
may re main low until "just pr ior" to B USY returning high. (If 
BUSY goes high before CYREQ goes high, another 
memory access may inadvertently be started.) 

When the memory is not busy and a cycle request has been 
made, the low order system address delay through the 3222 
is tAA nsec. When the 3222 is not busy, the low order system 
addresses (A0-A5) are gated through to the output (O0-O5) 
independent of any other input. 

System Memory Cycle Request — Memory Busy 

The major differences between a system memory cycle 
request when the system is busy and when it is not busy (as 
previously described) are: 



1 . The Start Cycle output STARTCY does no t go low until 
tes after th e rising edge of the BUSY input. (Even 
though the CYREQ in^ut is low.) 

2. Output addresses O0-O5 change at or before tAA time if 
the previous cycle was a system cycle request and 
change at or before tsAM if the previous cycle was a 
Refresh Cycle request. (Note that the longer delay is 
after a refresh cycle.) See Figure B for definition of 
terms. 

Note that for a system me mory cyc le following a refresh 
cycle, the refre sh on output REFON goes high at or before 
tgR rela tive t o BUSY going high. Since the Acknowledge 
output ACK can not go low until after tnoLo there is no 
ambiguity between REFON and ACK. The memory is 
always defined as being in a refresh cycle, system cycle or 
no cycle. 

Refresh Cycle — Memory Not Busy 

Operation of the 3222 for a refresh request with the memory 
not busy (see Figure C) is similar to a system cycle request 
under the same condition. A ref resh cycl e is initiated 
by the Refresh Request input (REFREQ) going low. 
This low g oing input causes both the Start Cycle output, 
STARTCY, and Refresh On output, REFON, to go low at t 



and tRRC (o r tRR) time respectively. The low going edge of 
STARTCY is used to set th e exter nal BUSY latch low. As in 
the previous two cases, the BUSY Input must remain low for 
the entire cycle required by the memory. As in the pr evious 
two cases, the low going BUSY drives the STARTCY output 
high. 

Refresh Cycle — Memory Busy 

For this condition, It is assumed that the previous cycle was 
a system access cycle. Timing co nditions fo r this operation 
are show n In Fig ure D. Here, the STARTCY input goes low 
tes afte r BUSY returns high from the pr evious cycle. As 
before, REFON g oes low ten after B USY goes high. After 
tHOLD, relative to STARTCY, BUSY again goes low and 
places the low order refresh addresses on the address 
outputs (O0-O5) after tBAR time. Internal refresh timing Is 
performed in a manner identical to that described in 
Refresh Cycle-Memory Not Busy section. 

Simultaneous Refresh and Memory System Cycle Request 

The simultaneous request for a refresh and memory system 
access is almost a certainty In asynchronous systems. It is, 
therefore, necessary to have circuitry in any refresh 
controller capable of resolving the attendent ambiguity with 
minimum additional delay. The Intel® 3222 Refresh 
Controller has just such a circuit. (All timing parameters 
specified for asynchronous operation assume that a refresh 
and memory system request can occur at the same time.) A 
latch inte rnal to the 3222 decides which signal (CYREQ or 
REFREQ) it will accept if both occur simultaneously, and 
conditions the other control circuits appropriately. If a 
refresh cycle was accepted, REFON will go low at the 
appropriate time. If a memory system access was accepted 
then ACK will go low at the appropriate time. 

Refresh Control 

The 3222 controls both burst and distributed refresh modes. 
The burst refresh mode requires that REFREQ be generated 
externally to the 3222 since refresh is completed in 64 
consecutive cycles every 2ms. A system requiring distrib- 
uted refresh timing, however can be controlled either by the 
3222 or by external circuitry. If refresh timing is to be 
controlled by the 3222 the output Q is tied to the REFREQ 
input. Timing is controlled by an oscillator internal to the 
3222. The desired refresh timing interval is determined by: 

1- tjREF = -63 RxCx 
r 
Where: 
tpiEF - the total time between refreshes (e.g. 2msec) in 

msec, 
r = the number of rows to be refreshed on the memory 

device rfor the 2107B r = 64). 
Rx = external timing resistance in KH (3K to 10K) 
Cx = external timing capacitance in ^f- (O.OOSjuf to 
0.02Mf) 
The 3222's oscillator stability is guaranteed to be ±2% for a 
given part and ±6% from part to part, both over the ranges 
0° C ^ Ta ^ 75° C and Vcc = 5.0V ±5%. 

Figure F shows how the 3222 may be used to control refresh 
in a 2104 system. 
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ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 4K DYNAMIC RAMs 



Ideal For 2104 
Simplifies System Design 
Reduces Package Count 
Standard 24-Pin DIP 



Address Input to Output Delay: 
9ns Maximum Driving 15pF, 
25ns Maximum Driving 250pF 

Suitable For Either Distributed 
Or Burst Refresh 

Single Power Supply: 
+5 Volts ±10% 



The Intel® 3232 contains an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh 
of up to 6 input addresses (or 4K bits for 64 x 64 organization). It multiplexes twelve bits of system supplied address to six output 
address pins. The device also contains a 6 bit refresh counter which isexternally controlled so that either distributed or burst 
refresh may be used. The high performance of the 3232 makes it especially suitable for use with high speed N-channel RAMs 
like the 2104. 

The 3232 operates from a single +5 volt power supply and is specified for operation over a to +75° C ambient temperature 
range. 



PIN CONFIGURATION 



countC 


1 




24 


3vcc 


REFRESH ENABLE C 


2 




23 


3 ROW ENABLE 


A,C 


3 




22 


3\ 


*7C 


4 




21 


Da„ 


A.C 


5 




20 


3\ 


AsC 


6 


3232 


19 


IlA,„ 


A„C 


7 




18 


Da3 


AsC 


8 




17 


Da, 


5oC 


9 




16 


D03 


03C 


10 




15 


Do-, 


°,c 


11 
12 




14 
13 


H^ 


gndC 


3 ZERO DETECT 



NOTE: Ag THROUGH Ag ARE ROW ADDRESSES. 

A-, THROUGH A,. ARE COLUMN ADDRESSES. 



TRUTH TABLE AND DEFINITIONS: 



REFRESH 
ENABLE 


ROW 
ENABLE 


OUTPUT 


H 


X 


REFRESH ADDRESS 

(FROM INTERNAL COUNTER) 


L 


H 


ROW ADDRESS 
(Ao THROUGH As) 


L 


L 


COLUMN ADDRESS 
{As THROUGH All) 



LOGIC DIAGRAM 




COUNT - ADVANCES INTERNAL REFRESH COUNTER. 



ZERO DETECT - INDICATES A ZERO IN THE REFRESH ADDRESS 
(USED IN BURST REFRESH MODE). 



Final Data Sheet Information Will Be Available in Second Quarter 1976. 
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Absolute Maximum Ratings* 

Temperature Under Bias -65° to +125° C 

Storage Temperature -65°to+160°C 

All Input, Output, or 

Supply Voltages -0.5V to +7 Volts 

Output Currents 100mA 

Power Dissipation 1 W 



"COMMENT: 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. and Operating Characteristics 

All Limits Apply for Vcc = 5.0V ±10%, Ta = 0°C to + 75°C 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP.d) 


MAX. 


If 


Input Load Current 




-0.04 


-0.25 


mA 


ViN = 0.45V 


Ir 


Input Leakage Current 







10 


mA 


ViN = 5.5V 


VlH 


Input High Voltage 


2.0 






V 




ViL 


Input Low Voltage 






0.8 


V 




Vol 


Output Low Voltage 




0.25 


0.40 


V 


loL = 5mA 


VOH 


Output High Voltage (O0-O5) 


2.8 


4.0 




V 


loH = -1mA 


VoHl 


Output High Voltage 
(Zero Detect) 


2.4 


3.3 




V 


loH = -1mA 


Ice 


Power Supply Current 




100 


150 


mA 


Vcc = 5.5V 



Note 1. Typical values are for T^ = 25° C and Vqq = 5.0V. 
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A.C. Characteristics 

All Limits Apply for Vcc = +5.0V ±10%, Ta = 0°C to 75°C, Load = 1 TTL, Cl = 250pF, Unless Otherwise Specified. 



SYMBOL 


PARAMETER 


MIN. 


typ!^> 


MAX. 


UNIT 


CONDITIONS 


tAO 


Address Input to Output Delay 




6 


9 


ns 


Refresh Enable = Low^^) <2) 


tAOl 


Address Input to Output Delay 




16 


25 


ns 


Refresh Enable = Low 


too 


Row Enable to Output Delay 


7 


12 


18 


ns 


Refresh Enable = Low (») (2) 


tool 


Row Enable to Output Delay 


12 


28 


41 


ns 


Refresh Enable = Low 


tEO 


Refresh Enable to Output Delay 


7 


14 


20 


ns 


Note 1, 2 


tEOl 


Refresh Enable to Output Delay 


12 


30 


45 


ns 




tco 


Count to Output 


15 


40 


60 


ns 


Refresh Enable = High^D (2) 


tcoi 


Count to Output 


20 


55 


80 


ns 


Refresh Enable = High 


fc 


Counting Frequency 


5 






MHz 




tcpw 


Count Pulse Width 


35 






ns 




tcz 


Count to Zero Detect 






70 


ns 


Note 2 



Note 1 : Vcc = 5.0V, Ta = 25*'C 
2: CL=15pF 

A.C. TIMING WAVEFORMS (Typically used with 2104) 



NORMAL CYCLE 



ROW ENABLE 



/ 



Ao-Aii 



5o-05 



)e 



~*00~ 



DON'T CARE 






\. 



-too- 



ROW ADDRESS 



X 



COLUMN ADDRESS 



REFRESH 
ENABLE 



REFRESH CYCLE 



REFRESH 
ENABLE 



j^' 



Qq-Gs ADDRESS 



X 



REFRESH ADDRESS 



-»-»CO-H 



-*CPW - 



X-Jf 

i 



\ 



REFRESH ADDRESS 



xz 



}i: 
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PIN NAMES AND FUNCTIONS 
Pin. Pin 



No. 



23 



24 



Name 



Function 



Count Input 



2 


Refresh Enable 
Input 


7,3,5,18, 
20,22 


A0-A5 Inputs 


8,4,6,17, 
19,21 


Ae-Aii Inputs 


9,11,10, 
16,15,14 


O0-O5 Outputs 


12 


GND 


13 


Zero Detect 
Output 



Row Enable 
Input 



Active low input Increments 
internal six bit counter by 
one for each count pulse in. 

Active high input which 
determines whether the 
3232 is in refresh mode (H) 
or address enable (L). 

Row Address inputs. 

Column address inputs. 

Address outputs to mem- 
ories. Inverted with respect 
to address inputs. 

Power supply ground. 

Active low output which 
senses that all six bits of 
refresh address in the count- 
er are zero. Can be used in 
the burst mode to sense 
refresh completion. 

High input selects row, low 
input selects column addres- 
ses of the driven memories. 

+5V power supply input. 



DEVICE OPERATION 

The Intel® 3232 Address Multiplexer/Refresh Counter 
performs the following functions: 

1. Row, Column and Refresh Address multiplexing 

2. Address counting for burst or distributed refresh. 

These functions are controlled by two signals: Refresh 
Enable and Row Enable, both of which are active high TTL 



inputs. The truth table on page 1 shows the levels required 
to multiplex to the output: 

1. Refresh addresses (from internal counter) 

2. Row addresses (Ao through As) 

3. Column addresses (Ae through An) 

Burst Refresh Mode 

When refresh is requested, the refresh enable input is high. 
This input is AND ed with the 6 outputs of the internal 6 bit 
counter. At each Count pulse the counter increments by 
one, sequencing the outputs (O0-O5) through all 64 row 
addresses. When the counter sequences to all zeros, the 
Zero Detect output goes low signaling the end of the refresh 
sequence. Due to counter decoding spikes, the Zero Detect 
output is valid only after tcz following the low going edge of 
Count. 

Distributed Refresh Mode 

In the distributed refresh mode, one row is selected for 
refresh each (tREFREsn/n) time where n = number of rows in 
the device and tREFRESH is the specified refresh rate for the 
device. For the 21 04, tREFRESH = 2msec and n = 64, therefore 
one row is refreshed each 31 jusec. Following the refresh 
cycle at row nx, the Count input is pulsed, advancing the 
refresh address by one row so th at the next refresh cycle will 
be performed on row nx+i. The Count input may be pulsed 
following each refresh cycle or within the refresh cycle 
after the specified memory device address hold time. 

Row and Column Address 

All twelve system address lines are applied to the inputs of 
the 3232. When Refresh Enable is low and Row Enable is 
high, input addresses A0-A5 are gated to the outputs and 
applied to the driven memories. Conversely, when Row 
Enable is low (with Refresh Enable still low), input 
addresses Ae-An are gated to the outputs and applied to the 
driven memories. 

Figure 1 shows a typical connection between the 3232 and 
the 2104 4K dynamic RAM. When the memory devices are 
driven directly by the 3232, the address applied to the 
memory devices is the inverse of the address at the 3232 
inputs due to the inverted outputs of the 3232. This should 
be remembered when checking out the memory system. 



A,, ^, 


p 








^ 


A5 


2104 


A5 


2104 


As 


2104 


1 

1 
1 


3232 


% 


Ao 


1 
1 
1 
1 Ao 


1 
1 
1 
1 Ao 


Ao > 










REFRESH 








I 

ZERODE 


fECT 


ENABLE > 
ROW^ 












ENABLE ^ 







Figure 1. Typical Connection of 3232 and 2104 Memories. 
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ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 16K DYNAMIC RAMs 



Ideal For 2116 

Simplifies System Design 

Reduces Package Count 

Standard 28-Pin DIP 

Suitable For Either Distributed 
Or Burst Refresh 



Single Power Supply: 
+5 Volts +10% 

Address Input to Output Delay: 
9ns Maximum Driving 15 pF, 
25ns Maximum Driving 250pF 



The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh of 64or 
128 cycles. It multiplexes 14 bits of system supplied address to 7 output address pins. The device also contains a 7 bit refresh 
counter which is externally controlled so that either distributed or burst refresh may be used. The high performance of the 3242 
makes it especially suitable for use with high speed N-channel RAMs like the 2116. 

The 3242 operates from a single +5 volt power supply and is specified for operation over a to +75° C ambient temperature 
range. 



COUNT C 1 

REFRESH ENABLE C 2 

ROW ENABLE Q 3 

N.C.C 4 

A2C 7 
AgC 8 
AoC 9 
A^CIlO 

O2C 12 

O1C 13 

GNDC 14 



PIN CONFIGURATION 



zOvcc 

27 UAs 
26 3 Ai3 
25 DA5 
24 I1a,2 
23 DA4 
22 Da,i 
21 ID A3 
20 3 A10 
19 JO^ 
18 DO3 

17 Do; 

16 30^ 

15 3 ZERO DETECT 



NOTE: Ao THROUGH Ag ARE ROW ADDRESSES. 

A7 THROUGH Ai3 ARE COLUMN ADDRESSES. 

TRUTH TABLE AND DEFINITIONS: 



REFRESH 
ENABLE 


ROW 
ENABLE 


OUTPUT 


H 


X 


REFRESH ADDRESS 

(FROM INTERNAL COUNTER) 


L 


H 


ROW ADDRESS 
(A(, THROUGH Ag) 


L 


'■ 


COLUMN ADDRESS 
{Ay THROUGH A^) 



LOGIC DIAGRAM 



REFRESH (. 
ENABLE 



ROW , 
ENABLE 



cJ.^ 



i>J 




7 
I TOTAL 



7 
TOTAL 



nil 




ixy- 



ZERO 
DETECT 



7 BIT COUNTER 



COUNT - ADV ANCES INTERNAL REFRESH COUNTER. 

ZERO DETECT - INDICATES ZERO IN THE FIRST 6 
SIGNIFICANT REFRESH COUNTER 
BITS (USED IN BURST REFRESH MODE) 
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3245 

QUAD TTL-TO-MOS DRIVER 

For 4K N-Channel MOS RAMs 



Fully Compatible With 4K RAMs 
Without Requiring Extra Supply 
Or External Devices 

High Speed, 32 nsec Max. — 
Delay + Transition Time 

Low Power — 75mW Typical 
Per Channel 



■ High Density — Four Drivers in 
One Package 

■ TTL & DTL Compatible inputs 

■ CerDIP Package — 16 Pin DIP 

■ Only +5 and +12 Volt Supplies 
Required 



The Intel® 3245 is a Quad Bipolar-to-MOS driver which accepts TTL and DTL input signals. It provides 
high output current and voltage suitable for driving the clock inputs of N-channel MOS memories such as 
the2107B. The circuit operates from two power supplies which are 5 and 12 volts. Input and output clamp 
diodes minimize line reflections. 

The device features two common enable inputs, a refresh select input, and a clock control input for 
simplified system designs. The internal gating structure of the 3245 eliminates gating delays and mini- 
mizes package count. 

The 3245 is fabricated by means of Intel's highly reliable Schottky bipolar process and is specified for 
operation over a to +75° C ambient temperature range. 



PIN CONFIGURATION 






PIN NAMES 




h-U 


SELECT INPUTS 


0,-0, 


DRIVER OUTPUTS 


^vh 


ENABLE INPUTS 


Vcc 


+5V POWER SUPPLY 


R 


REFRESH SELECT INPUT 


Vdd 


+12V POWER SUPPLY 


C 


CLOCK CONTROL INPUT 


NC 


NOT CONNECTED 



LOGIC DIAGRAM 
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Absolute Maximum Ratings'^ 

Temperature Under Bias -10°C to 85°C 

Storage Temperature -65°C to +1 50°C 

Supply Voltage, Vcc -0.5 to +7V 

Supply Voltage, Vqd -0.5 to +14V 

All Input Voltages . -l.Oto Vpo 

Outputs for Clock Driver -1 .0 to Vpo +1 V 

Power Dissipation at 25°C 2W 

"COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



D.C. Characteristics 

Ta=0°C to 75°C, Vcc=5.0V±5%, Vdd = 12V+5% 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Ifd 


Input Load Current,Ti ,12,13,14 




-0.25 


mA 


Vp = 0.45V 


Ife 


Input Load Current, R, C, E-| , E2 




-1.0 


mA 


Vp = 0.45V 


•rd 


Data Input Leakage Current 




10 


MA 


Vr = 5.0V 


Ire 


" ■ 
Enable Input Leakage Current 




40 


MA 


Vr = 5.0V 


Vol 


Output Low Voltage 




0.45 


V 


lOL = 5mA, V,H = 2V 


-1.0 




V 


Iql = -5mA 


VOH 


Output High Voltage 


Vdd-0.50 




V 


loH = -1mA, V|L = 0.8V 




Vdd+1-0 


V 


lOH = 5mA 


V|L 


Input Low Voltage, All Inputs 




0.8 


V 




V|H 


Input High Voltage, All Inputs 


2 




V 





POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Conditions - Input states to 
ensure the following output states: 


Additional Test 
Conditions 


Ice 
•dd 
Pdi 


Current from Vqc 
Current from Vqd 
Power Dissipation 
Power Per Channel 


23 
19 
365 
91 


30 
26 
485 
121 


mA 
mA 
mW 
mW 


High 


Vcc = 5.25V 


•cc 
Idd 

Pd2 


Current from Vqc 
Current from Vqd 
Power Dissipation 
Power Per Channel 


29 
12 
300 
75 


39 
15 
388 
97 


mA 
mA 
mW 
mW 


Low 


Vdd= 12.6V 
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A.C. Characteristics t^ = o° to 75°c, v^.^. = 5.ov ±5%, Vj^^ = i2v ±5% 


Symbol 


Parameter 


MinJll 


Typ.[2,4l 


Max.I3] 


Unit 


Test Conditions 


t-+ 


Input to Output Delay 


5 


11 




ns 


RSERIES=0 


tDR 


Delay Plus Rise Time 




20 


32 


ns 


RSERIES = 


t+- 


Input to Output Delay 


3 


7 




ns 


RSERIES = 


tDF 


Delay Plus Fall Time 




18 


32 


ns 


RSERIES = 


tT 


Output Transition Time 


10 


17 


25 


ns 


RSERIES = 20^ 


tDR 


Delay Plus Rise Time 




27 


38 


ns 


RSERIES = 20^ 


tDF 


Delay Plus Fall Time 




25 


38 


ns 


RSERIES = 2012 



NOTES: 1. Cl= 150pF 

2. CL=200pF 

3. CL=250pF 



These values represent a range of 
total stray plus clock capacitance 
for nine 4K RAMs. 



4. Typical values are measured at 25 C. 



Capacitance* Ta = 25° c 



Symbol 


Test 


Typ. 


Max. 


Unit 


C|N 


Input Capacitance, h ,1^,13,5 


5 


8 


pF 


C|N 


Input Capacitance, R,C,Ei,E2 


8 


12 


pF 



A.C. CONDITIONS OF TEST 

Input Pulse Amplitudes: 3.0V 

Input Pulse Rise and Fall Times: 5 ns between 

1 volt and 2 volts 
Measurement Points: See Waveforms 



*This parameter is periodically sampled and is not 100% tested. 
Condition of measurement is f = 1 MHz, V^jas = 2V, Vqc ~ OV, 
and Ta = 25° C. 



T-. 



Waveforms 




Typical Characteristics 



INPUT TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 



DELAY PLUS TRANSITION TIME 
VS. LOAD CAPACITANCE 



\ 



100 200 300 400 500 600 
LOAD CAPACITANCE (pF) 





























JnR^ 


<^ 




^ 




^ 


toF 


^"^^ 





















100 200 300 400 500 

LOAD CAPACITANCE (pF) 
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Typical System 



Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 3245 quad high voltage 
driver for the chip enable inputs. A single 3245 package drives 16K x 9 bits. Aq through A^^ are 2107B addresses. 



■*— 


(9 21078'$) 

(ROW 4L) 


-*' 






CHIP ENABLE 



CHIP ENABLE 
(ROW 2L) 



CHIP ENABLE 



CHIP ENABLE 



CARD A 
. DRIVER 2 r 

r| ^ |r 

^ 0, 0^ -J 



'1 "4 



C- 02 03 — T 



1 UHlVtH 1 r 

1 ^0,0,-^ I 



"•" 


(9 2107B's) 


""*' 




(ROW 4R) 




CHIP ENABLE 



CHIP ENABLE 
(ROW 2R) 



CHIP ENABLE 



CHIP ENABLE 



SEE TABLE 1 o- 

SEE TABLE 1 o- 

DRIVER 1 RS(1) 
DRIVER 2 [RS(3)1 



DRIVER 1 RS(2 ) o- 
DRIVER 2 IRSKJI 




CHIP ENABLE o- 



CHIP ENABLE 
(ROW 2L) 



CHIP ENABLE 
(ROW ID 



CHIP ENABLE 
(R0W1R) 



CHIP ENABLE 
(ROW 2R) 

DRIVER #2 
OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 





TABLE 1 


, 


CARD 


INPUTS 
El 1 E2 


A 
B 
C 
D 


ENABLE M 


ENABLE P 
ENABLE Q 


ENABLE M 
ENABLE N 


ENABLE P 


ENABLE N 


ENABLE Q 









INTEL® 




3205 




10F8 
BINARY 




DECODER 



►RS(1) 
► RS(2) 
- RS(3) 
►RS{4) 



Ai„ o « 




7408 






7404 


--r~N 










7404 


4I> 
:0 




REFRESH - 




ENABLE 







REFRES H 
ENABLE 
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3246 

QUAD ECL-TO-MOS DRIVER 
For 4K N-Channel MOS RAMs 



■ Fully Compatible With 4K RAMs 
Without Requiring Extra Supply 
Or External Devices. 

■ High Speed, 30 nsec Max. — 
Delay + Rise Time 



■ 10K ECL Compatible inputs 

■ High Density — Four Drivers 
In One Package 

■ CerDIP Package — 16 Pin DIP 



The Intel® 3246 is a Quad Bipolar-to-MOS driver which accepts ECL input signals. It provides high output current and voltage 
suitable for driving the clock inputs of N-channel MOS memories such as the 2107 or 2105. The circuit operates from three 
power supplies which are 5, -5.2, and 12 volts. Input and output clamp diodes minimize line reflections. 

The device features a common enable input, a refresh select input, and a clock control input for simplified system designs. The 
internal gating structure of the 3246 eliminates gating delays and minimizes package count. 

The 3246 is fabricated by means of Intel's Schottky Bipolar technology to assure high performance over the 0°C to +75° C 
ambient temperature range. 



PINCONFrGURATION 




GNdQ^ 8 





PIIM NAMES 




'rU 


SELECT INPUTS 


Oi-Oa 


DRIVER OUTPUTS 


E 


ENABLE INPUT 


Vcc 


+5V POWER SUPPLY 


R 


REFRESH SELECT INPUT 


Vdd 


+12V POWER SUPPLY 


C 


CLOCK CONTROL INPUT 


Vee 


-5.2V POWER SUPPLY 






G 


GROUND REFERENCE 



LOGIC DIAGRAM 



'~7T> 



'-:X> 



::X> 



::!> 



O 



i^3- 



:^I> 



^> 



F/na/ Data Sheet Information Will Be Available In Second Quarter 1976. 
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Absolute Maximum Ratings* **'5';*jj. 

Temperature Under Bias -10°C to 85°C 

Storage Temperature -65°C to +150°C 

Supply Voltage, Vcc -0-5 to +7V 

Supply Voltage, Vpo -0.5 to +14V 

Supply Voltage, Vee -7.0 to +0.5V 

All Input Voltages Vee to +0.5V 

Outputs for Clock Driver -LOtoVoo+IV 

Power Dissipation at 25°C 2W 

•COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

D.C. Characteristics 



Ta = 0°C to 75° C, Vcc = 5.0V ±5%, Vqd = 1 2V ±5%, Vee = - 


5.2V ±5% 








Symbol 


Parameter 


Min. 


TypMl 


Max. 


Unit 


Test Conditions 


Ifd 


Input Load Current, li, I2, I3, I4 




0.3 


0.5 


mA 


Vp = -0.8V 


Ife 


Input Load Current, R,C,E 




1.0 


2.0 


mA 


Vp = -0.8V 


Vol 


Output Low Voltage 




0.2 


0.45 


V 


loL = 5mA,V|H=-1.025V 


-0.5 






V 


Iql = -1mA 


VOH 


Output High Voltage 


Vdd-0.5 


Vdd-0.2 




V 


IOH=-1mA,V|L=-1.520V 




Vdd 


Vdd+0.5 


V 


Iqh = 5mA 


V|L 


Input Low Voltage, All Inputs 






-1.520 


V 




V|H 


Input High Voltage, All Inputs 


-1.025 






V 





POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION 



Symbol 


Parameter 


Typ.Hl 


Max. 


Unit 


Test Conditions — Input states to 
ensure the following output states: 


Additional Test 
Conditions 


•cc 
'dd 
Iee 
Pdi 


Current from Vcc 
Current from Vqq 
Current from Vee 
Power Dissipation 
Power Per Channel 


20 
23 
-35 
586 
146 


27 

31 

-42 

762 

190 


mA 
mA 
mA 
mW 
mW 


High 


Vcc = 5.25V 
Vdd = 12.6V 
Vee = -5.46V 


'cc 
•dd 
Iee 
Pd2 


Current from Vcc 
Current from Mqq 
Current from Vee 
Power Dissipation 
Power Per Channel 


17 
14 
-29 
424 
106 


24 
22 
-36 
600 
150 


mA 
mA 
mA 

mW 
mW 


Low 



Note: 1. Typical values are for T/^ = 25° C and nominal power supply voltages. 
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A.C. Characteristics ta = o° to 75°c, vcc = 5.ov ±5%, vdd = 1 2v ±5%, vee = -5.2V ±5% 



Symbol 


Parameter 


Min.MJ 


Typ.[2,4] 


Max.tSl 


Unit 


Test Conditions 


t-+ 


Input to Output Delay 


8 


12 




ns 


RSERIES = 


tpR 


Delay Plus Rise Time 




18 


30 


ns 


RSERIES = 


t+- 


Input to Output Delay 


8 


13 




ns 


RSERIES = 


tDF 


Delay Plus Fall Time 




25 


35 


ns 


RSERIES = 


tj 


Output Rise Time 


10 


13 


23 


ns 


RsERIES = 20r2 


tDR 


Delay Plus Rise Time 




23 


34 


ns 


RSERIES = 2012 


tDF 


Delay Plus Fall Time 




30 


40 


ns 


RSERIES = 20^ 



NOTES: 1. Cl=150pF 

2. CL=200pF 

3. Cl=250pF_ 



These values represent a range of 
total stray plus clock capacitance 
for nine 4K RAMs. 



4. Typical values are measured at 25° C. 



Capacitance* Ta = 25°c 



Symbol 


Test 


Typ. 


Max. 


Unit 


CjN 


Input Capacitance,T|,l^, I3, l4,R 


4 


7 


pF 


CjN 


Input Capacitance, C,E" 


8 


12 


pF 



A.C. CONDITIONS OF TEST 

Input Pulse Amplitudes: 0.8V 

Input Pulse Rise and Fall Times: 5 ns (between 

10% and 90% Points) 
Measurement Points: See Waveforms 



*This parameter is periodically sampled and is not 100% tested. 
Condition of measurement is f = 1 MHz, Vbjgs = -IV, Vcc = OV, 
andTA= 25°C. 



I'^ 



Waveforms 




Typical Characteristics 

INPUT TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 



DELAY PLUS TRANSITION TIME 
VS. LOAD CAPACITANCE 



^30 

*' 20 

10 











1 1 

"series = 
























tv 






.^ 






::::; 


u 





















DELAY PLUS TRANSITION TIME 
VS.RsERIES 











RSE 


RIES = ^ 












toF^ 


.^ 






^ 






nn 






^ 





























100 200 300 400 500 600 
LOAD CAPACITANCE (pF) 



100 200 300 400 500 600 
LOAD CAPACITANCE (pF) 
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Typical System 



Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 3246 quad high voltage 
driver for the chip enable inputs. A single 3246 package drives 16K x 9 bits. Aq through A^^ are 2107B addresses. 





CARDD 








CARDC 






CARD B 








— 1 


(9 2107B'$) 

(ROW 4L) 




CARD A 




(9 2107B'$) 

(ROW 4R) 








CHIP ENABLE 
{R0W3L) 




3246 

0,0, 
O2O3 




CHIP ENABLE 
(ROW 3R) 


CHIP ENABLE 
(ROW 2L) 


r n 
1 „=■>,„, J 


CHIP ENABLE 
(ROW 2R) 


CHIP ENABLE 
(ROW ID 




3246 

O1O4 
O2O3 




CHIP ENABLE 
(ROW 1R) 


CHIP ENABLE 


r n 


CHIP ENABLE 





n 



SEE TABLE 1 o 



DRIVER 1 RS(1) 
DRIVER 2 [RS(3)1 



DRIVER 1 RS(2 ) o- 
DRIVER 2 IRS(4J1 




CHIP ENABLE o- 



CHIP ENABLE 
(ROW 2L) 



CHIP ENABLE 
(ROW ID 



CHIP ENABLE 
(ROW 1R) 



CHIP ENABLE 
(ROW 2R) 

DRIVER #2 
OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 



CARD 


INPUTS 
El 


A 
B 
C 
D 


ENABLE M 


ENABLE N 
ENABLE P 
ENABLE Q 



-RSd) 
►RS?2) 
- RS(3) 
►RS(4) 



"I 10101 



<D=^ 



-ex 



-=o 



O 



O 



z:^LX 



ZX" 



IX 



-*► ENABLE Q 



REFRESH ENABLE 
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QUAD CMOS-TO-MOS DRIVER 

For 4K N-Channel MOS RAMs 



CMOS Technology for Very 
Low Power: Suitable for 
Battery Backup 

High Density: Four Drivers 
in One Package 



■ Internal Gating Structure 
Minimizes Package Count 

■ CMOS Compatible Inputs 

■ CerDIP Package: 16 Pin DIP 

■ Only One Power Supply 
Required, +12V (±10%) 



The Intel® 5234 is a Quad CMOS-to-MOS driver which accepts CMOS input signals. It provides high output current and voltage 
suitable for driving the clock inputs of N-channel MOS memories such as the 21 07A or 21 07B. The circuit operates from a single 
12 volt power supply. 

The device features two common enable inputs, a refresh select Input, and a clock control input for simplified system design. 

The Intel ion-implanted, silicon gate. Complementary MOS (CMOS) process allows the design and production of very low 
power drivers. 



PIN CONFIGURATION 
5234 






PIN NAMES 




'rU 


SELECT INPUTS 


C 


CLOCK CONTROL INPUT 


. Ei,E2 


ENABLE INPUTS 


0,0, 


DRIVER OUTPUTS 


R 


REFRESH SELECT INPUT 


Vdd 


+12V POWER SUPPLY 






NC 


NOT CONNECTED 



LOGIC DIAGRAM 




F/na/ Data Sheet Information Will Be Available In Second Quarter 1976. 
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f^mics: U^T' ^^'9g^/^§ ,|. 






Absolute Maximum Ratings'^ 

Temperature Under Bias -10°C to 80°C 

Storage Temperature -65°C to +150°C 

Supply Voltage, Vdd • -0.5 to +14V 

All Input Voltages -0.5 to (Vdd+0.5V) 

Outputs for Clock Driver -0.5 to (Vod+0.5V) 

Power Dissipation at 25°C 1W 






*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



D.C. Characteristics 

Ta = 0°C to 70°C, Vdd = 1 2V ±10%. 



Symbol 


Parameter 


Min. 


Typ.ni 


Max. 


Unit 


Test Conditions 


Mu| 


Input Load Current 






0.1 


i^A 


V|N = to Vdd 


Vol 


Output Low Voltage 




0.15 


0.4 


V 


Iql = 5mA 


-1.0 


-0.15 






Iql = -5mA 


VoH 


Output High Voltage 


Vdd-0.4 


Vdd-0.15 




V 


Iqh = -5mA 




VDD+-15 


VDD-H3.5 




Iqh = 5mA 


V|L 


Input Low Voltage, All Inputs 






2.0 


V 




V|H 


Input High Voltage, All Inputs 


Vdd-2.0 






V 




•dd 


Supply Current 




0.1 


100 


MA 


Vdd = 13.2V,f = 


'ddi 


Supply Current 




13 


20 


mA 


Vdd = 1 3.2V, f= 1MHz, 
Cl=0, (See Figure 1) 



Note 1 : Typical values are at 25° C and nominal voltage. 



Typical Characteristics 



FIGURE 1 
POWER SUPPLY CURRENT VS. FREQUENCY 
(ALL 4 CHANNELS SWITCHING) 



INPUT TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 



DELAY PLUS TRANSITION TIME 
VS. LOAD CAPACITANCE 



Cl = 


Opp 1 1 j 






GUARANTEED / 










/ 










/y 










// 


rVPICAL _ 
(25° C) 






/ 


1/ 






/ , 


/ 






/ 


' / 








^^ 


x' 








"^ 

















OR 




^ 

















0.5 1.0 

f(MHz) 



100 200 300 400 

LOAD CAPACITANCE (pF) 



70 

I 

I 60 









y4 






/ 


tDf 






/ 





























100 200 300 400 

LOAD CAPACITANCE (pF) 
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A.C. Characteristics ta = o° to 7o°c, vdd = nv ±10%. 



Symbol 


Parameter 


MinJll 


Typ.12,4] 


Max.[3] 


Unit 


t_+ 


Input to Output Delay 


20 


45 




ns 


tDR 


Delay Plus Rise Time 




70 


100 


ns 


t+- 


Input to Output Delay 


20 


45 




ns 


tDF 


Delay Plus Fall Time 




70 


100 


ns 


tj 


Output Transition Time 


10 


25 


40 


ns 



NOTES: 1. Cl= 150pF 

2. Cl = 200pF 

3. Cl = 250pF _ 



These values represent a range of 
total stray plus clock capacitance 
for nine 4K RAMs. 



4. Typical values are nneasured at 25 C. 



Capacitance'*' Ta = 25° c 



Symbol 


Test 


Typ. 


Max. 


Unit 


C|N 


Input Capacitance 


8 


14 


pF 



*This paranneter is periodically sampled and is not 100% tested. 
Condition of measurennent is f = 1 IVIHz, Vbjgs = 2V, Vcc = OV, 
andTA = 25°C. 

Waveforms 



A.C. CONDITIONS OF TEST 

Input Pulse Amplitudes: to Vpo 

Input Pulse Rise and Fall Times: 40 ns between 

10% and 90% points 
Measurement Points: See Waveforms 



-¥ 
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Typical System 



Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 5234 quad high voltage 
driver for the chip enable inputs. A single 5234 package drives 16K x 9 bits. Ag through A^^ are 2107B addresses. 





(9 2107B's) 

(ROW 4L) 


-^ 






CHIP ENABLE 



CHIP ENABLE 
(ROW 2L) 



CHIP ENABLE 



CHIP ENABLE 



CARD A 

. DRIVER 2 r^ 

rS "34 >R 

L— O, O^ —J 



'1 ^4 
02 O3 



3 t 



1 UmVCM I r 

r| P* |r 

r— O2O3— I 



J~L 



■*— 


(9 2107B's) 


-*- 




(ROW 4R) 




CHIP ENABLE 



CHIP ENABLE 
(ROW 2R) 



CHIP ENABLE 



CHIP ENABLE 




SEE TABLE 1 o- 
SEE TABLE 1 o- 

DRIVER 1 RS(1) 
DRIVER 2 (RSlT)] 



DRIVER 1 RS(2 ) o- 
DRIVER 2 [RS(4)] 




CHIP ENABLE o- 



CHIP ENABLE 
(ROW 2L) 



CHIP ENABLE 
(ROW ID 



CHIP ENABLE 
(ROW 1R) 



CHIP ENABLE 
(ROW 2R) 

DRIVER #2 
OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 



CARD 


INPUTS 
El E2 


A 
B 
C 
D 


ENABLE M 


ENABLE P 


ENABLE M 


ENABLE Q 


ENABLE N 
ENABLE N 


ENABLE P 


ENABLE Q 



-RSd) 
-RS(2) 
-RS]3) 
-RS(4) 



L-[>^ 



'^~l 






-^ ENABLE M 



REFRESH ENABLE 
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QUAD TTL-TO-MOS DRIVER 

For 4K N-Channel MOS RAMs 




■ TTL & DTL Compatible Inputs 

■ CerDIP Package: 16 Pin DIP 

■ Only One Power Supply 
Required, +12V (±10%) 



CIVIOS Technology for Very 
Low Power: Suitable for 
Battery Backup 

High Density: Four Drivers 
in One Package 

Internal Gating Structure 
Minimizes Package Count 



The Intel® 5235 and 5235-1 are Low Power Quad TTL-to-MOS drivers which accept TTL and DTL input levels. They provide 
high output current and voltage suitable for driving the clock inputs of N-channel MOS memories such as the 2107A or 2107B. 
The circuit operates from a single 12 volt power supply. 

The device features two common enable inputs, a refresh select input, and a clock control input for simplified system design. 

The 5235-1 is a selection of the 5235 and is guaranteed for 95ns maximum delay plus transition time while driving a 250pF load. 

The Intel ion-implanted, silicon gate Complementary MOS (CMOS) process allows the design and production of very low 
power drivers. 



PIN CONFIGURATION 




PIN NAMES 



'lU 


SELECT INPUTS 


C 


CLOCK CONTROL INPUT 


E,.E2 


ENABLE INPUTS 


Oi-04 


DRIVER OUTPUTS 


R 


REFRESH SELECT INPUT 


Vdd 


+12V POWER SUPPLY 






NC 


NOT CONNECTED 



LOGIC DIAGRAM 




Final Data Sheet Information Will Be Available In Second Quarter 1976. 
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Absolute Maximum Ratings'^ 

Temperature Under Bias -10°Cto 80°C 

Storage Temperature -65°C to +1 50°C 

Supply Voltage, Vqd -0.5 to +14\/ 

All Input Voltages -0.5 to {Vdd+0.5V) 

Outputs for Clock Driver -0.5 to {Vdd+0,5V) 

Power Dissipation at 25°C 1W 



'^''''^^^s,,' 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not Implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



D.C- Characteristics ta = o°c to 7o°c, vdd = 


= 12V ±10°/( 


>. 








Symbol 


Parameter 


Min. 


Typ.tll 


Max. 


Unit 


Test Conditions 


Ili 


input Load Current 




0.1 


10 


juA 


V||M=<0.4Vor>2.4V 


Vol 


Output Low Voltage 




0.15 


0.4 


V 


loL = 5mA 


-1.0 


-0.15 




V 


Iql = -5mA 


VOH 


Output High Voltage 


Vdd-0.4 


Vdd-0.15 




V 


lOH = -5mA 




Vdd-K).15 


Vdd+0.5 


V 


loH = 5mA 


V|L 


Input Low Voltage, All Inputs 






0.8 


V 




V|H 


Input High Voltage, All Inputs 


2.0 






V 




'ddo 


Supply Current 




1.0 


2.0 


mA 


f==OMHz 


Vdd =1 3.2V 
V,N<0.4V or 
V,N>2.4V, 
Cl = Opf. 


•ddi 


Supply Current 




12 


20 


mA 


f =1MHz 
(See 
Figure 1) 



Note1: Typical values are at 25° C and nominal voltage. 

Typical Characteristics 

Figure 1. 

POWER SUPPLY CURRENT VS. FREQUENCY 

(ALL 4 CHANNELS SWITCHING) 



s 

o 
S 16 



Figure 2. 

DELAY PLUS TRANSITION TIME 

VS. LOAD CAPACITANCE 







GUA 


^ANTE 






Cl = 


Opf. 




/ 


r 








/ 


// 








y^ 


^ 


/typ 

(25 


CAL 
°C) 




::::^ 


O^ 

















,^ 






•"""^^ tpf 


ORtDF_ 


^ 























100 200 300 

LOAD CAPACITANCE (pF) 



Figure 3. 
DELAY PLUS TRANSITION TIME 
VS. INPUT VOLTAGE 



Figure 4. 
DELAY PLUS TRANSITION TIME 
VS. INPUT VOLTAGE 
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A.C. Characteristics t^ 


= 0°to70°C,VDD = 


12V ±10%. 








Symbol 


Parameter 


5235-1 


5235 


Unit 


MJn.Ml 


Typ.12,4] 


Max.l3] 


MinJl] 


Typ.[2,4] 


Max.l3] 


t- + 


Input to Output Delay 


20 


55 




20 


70 




ns 


tOR 


Delay Plus Rise Time 




75 


95 




95 


125 


ns 


t+- 


Input to Output Delay 


20 


55 




20 


70 




ns 


tDF 


Delay Plus Fall Time 




75 


95 




95 


125 


ns 


tT 


Transition Time 


10 


20 


40 


10 


25 


40 


ns 



'mi 



NOTES: 1. Cl= 150pF 



3. Cl = 250pF 



These values represent a range of 



2. CL = 200pF — total stray plus clock capacitance 



for nine 4K RAMs. 



4. Typical values are measured at 25° C, and nominal voltage. 

Capacitance* Ta = 25°c 



Symbol 


Test 


Typ. 


Max. 


Unit 


CjN 


Input Capacitance 


8 


14 


pF 



*This parameter is periodically sampled and is not 100% tested. 
Condition of measurement is f = 1 MHz, Vbjas = 2V, Vcc = OV, 
andTA = 25°C. 



Waveforms 



A.C. CONDITIONS OF TEST 

Input Pulse Amplitudes: 2.0V 

Input Pulse Rise and Fall Times: 5 ns between 

0.9 volt and 1.9 volts 
Measurement Points: See Waveforms 



¥ 



^DD 






2.0V 


/ \ 












h 




\ OUTPUT 


INPUT 








/ 




- 


■\ 


- 




i N 






/ \ 


\ 


/ 


"" 1 






/ 


2.0V 


2.0V 




0.4V 




\. 


1.5V / 


\ 


GND 


t 

1.5 V 


— » 




|-r- 


f- 


— t.-— 












*D 








DF *■ 
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Typical System 






Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 5235 quad high voltage 
driver for the chip enable inputs. A single 5235 package drives 16K x 9 bits. Aq through A^^ are 2107B addresses. 





(9 2107B's) 

(ROW 4L) 


-*' 






CHIP ENABLE 



CHIP ENABLE 
(ROW 2L) 



CHIP ENABLE 



CHIP ENABLE 



1 univcn ^ I 

"^ Oi O4 — J 
r— O2 O3 -. 

3 t 



•*— 


(9 2107B's) 


—*- 




(ROW 4R) 




CHIP ENABLE 



1 uttivcn 1 r 

r| ^ |r 

1 ^Ol04-^ I 



0203 



CHIP ENABLE 
(ROW 2R) 



CHIP ENABLE 



CHIP ENABLE 



SEE TABLE 1 o- 
SEE TABLE 1 <>■ 
DRIVER 1 RS(T) ^ 
DRIVER 2 [RS(3)] 



DRIVER 1 RS(2 ) <y 
DRIVER 2 IRS(4)] 




CHIP ENABLE o- 



CHIP ENABLE 
(ROW 2L) 



CHIP ENABLE 
(ROW ID 



CHIP ENABLE 
(ROW 1R) 



CHIP ENABLE 
(ROW 2R) 

DRIVER #2 
OUTPUTS 
CONNECTED IN 
SIMILAR MANNER 





TABLE 1 


. 


CARD 


INPUTS 

El 1 E2 


A 
B 
C 
D 


ENABLE M 


ENABLE P 


ENABLE M 


ENABLE Q 


ENABLE N 


ENABLE P 


ENABLE N 


ENABLE Q 



INTEL® 

3205 

10F8 

BINARY 

DECODER 



- RS(1) 

- RS{2) 

- RS(3) 

- RS(4) 



REFRES H o_ 
ENABLE 



^>- 



^O 



H>- 



o 



-*- ENABLE P 
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5244 
QUAD CCD CLOCK DRIVER 



Internal Circuitry Minimizes 
CCD Clock Cross-Coupling 
Voltage Transients 

Drives Four 2416s 

Low Standby Power Dissipation: 
24mW Typically 



■ TTL Inputs 

■ Single +12V Supply 

■ Standard 16 Pin Dual In-Line 
Package 




The 5244 is a quad clock driver which provides high capacitive drive suitable for driving charge coupled memories. The 5244 
features very low D.C. power dissipation from a single 1 2V supply with output characteristics directly compatible with the 241 6 
clock input requirements. Internal circuitry controls the cross-coupled voltage transients between the clock phases generated 
by the 2416 and limits the transition time so that excessively fast transitions do not occur on the clock line. 

The 5244 is fabricated using an advanced ion-implanted, silicon gate, CMOS process. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



vss">i: 

NCC 
NCC 



1104 

Unc 
Dnc 

I] '3 

:ivo<2) 



->o- 



NOTES: 1. BOTH PIN 1 AND 8 MUST BE CONNECTED TO Vss- 
2. BOTH PIN 9 AND 16 MUST BE CONNECTED TO Vdd- 



PIN NAMES 



1,0 ^o- 













OUTPUT 

TRANSITION 

CONTROL 




OUTPUT 
BUFFER 














1 
1 














OUTPUT 




OUTPUT 
BUFFER 




CON 


TROL 







h-U 


TTL INPUT 


O1-64 


DRIVER OUTPUT 


Vdd 


+12V POWER SUPPLY 


NC 


NOT CONNECTED 


Vss 


GROUND 



Final Data Sheet Information Will Be Available In Second Quarter 1976. 
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Absolute Maximum Ratings^ 



Temperature Under Bias -10°Cto80°C 

Storage Temperature -65°Cto+150°C 

Supply Voltage with Respect to Vss -0.5to+14V 

All Input Voltages -0.5to (Vdd+1V) 

Outputs -1Vto(VDD+1) 

Power Dissipation 1 .35W 



'COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



D.C. and Operating Characteristics 

Ta = 0°C to 70° C, Vdd = +1 2V ±5%, Vss = OV 



Symbol 


Parameter 


Min. 


Limits 
Typ. 


Max. 


Unit 


Test Conditions 


•iL 


Low Level Input Current 


-10 


±0.1 


10 


MA 


V,N<V,L 


llH 


High Level Input Current 


-10 


±0.1 


10 


MA 


V|N>V,H 


V|L 


Input Low Voltage 




+1.2 


+0.85 


V 




VlH 


Input High Voltage 


+2.0 


+1.5 




V 




Vol 


Output Low Voltage 





0.03 


+0.2 


V 


Iql = 5mA 


VOH 


Output High Voltage 


Vdd-0.2 


Vdd-.OS 


Vdd 


V 


Iqh =-5mA 


•ddo 


Standby Current 




2.0 


4.0 


mA 


V|N>V|H, ViN<V,L,f = OMHz 


'ddi 


Operating Current 




75 


105 


mA 


V|N>V|Hor V|N<V|L,f = 0.67MHzl2] 



A.C. Characteristics 

Ta = 0°C to 70° C, Vdd = +12V ±5%, Vss = OV, Note 2 



Symbol 


Parameter 


Min. 


Limits Driving 
Typ. 


4 2416's 

Max. 


Units 


Volt 


Transient Cross-Coupled Output Low Voltage 


-0.8 


±0.5 


+0.8 


V 


VOHT 


Transient Cross-Coupled Output High Voltage 


Vdd -0.8 


Vdd ±0.5 


Vdd +0.8 


V 


tpWT 


Transient Cross-Coupled Output Pulse Width 


Note 1 


ns 


AtD 


Differential Delay of tDLH and tDHL ^^^ Drivers 
in the Same Package 


15 


ns 


tDLHI 


Input Low to Output High Delay Time, 0i or 03 


30 


50 




ns 


tDHLI 


Input High to Output Low Delay Time, 0i or 03 


30 


50 




ns 


tjLHI 


Output Rise Time, 01 or 03 


30 


50 


75 


ns 


tjHLI 


Output Fall Time, 0i or 03 


30 


50 


75 


ns 


tPLHI 


Input to Output Delay Plus Rise Time, 0i or 03 




100 


160 


ns 


tpHLI 


Input to Output Delay Plus Fall Time, 0i or 03 




100 


150 


ns 


tDLH2 


input Low to Output High Delay Time, 02 or 04 


30 


55 




ns 


tDHL2 


Input High to Output Low Delay Time, 02 or 04 


30 


55 




ns 


tTLH2 


Output Rise Time, 02 or 04 


30 


55 


85 


ns 


tTHL2 


Output Fall Time, 02 or 04 


30 


55 


90 


ns 


tPLH2 


Input to Output Delay Plus Rise Time, 02 or 04 




110 


175 


ns 


tPHL2 


Input to Output Delay Plus Fall Time, 02 or 04 




110 


170 


ns 



Notes: 1. 
2. 



The maximum tp\f\ij is the sum of the output transition time (rise or fall) plu 
Output Load = four 2416 clocl< inputs or equivalent per Figure 2. 
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CAPACITANCE* Ta = 25°C 








""' '*■;!: 


Symbol 


Test 


Typ. 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


8 


14 


pf 


f=1 MHz,Vbias=2V,VDD = 0V 






*This parameter is periodically sampled and is not 100% tested. 

A.C. Test Conditions 

1. TTL Input Levels = 0.4V to 2.4V 

2. Output Load = Four 2416 clock inputs or equivalent per Figure 2 

3. Cross Coupled Voltage Pulse Width measured at ± 0.4V 
and Vdd ± 0.4V 



Waveforms 

A. INPUT TO OUTPUT DELAY 
INPUT 




OUTPUT 



B. 5244 OUTPUT CROSS-COUPLED VOLTAGE (DRIVING FOUR 2416'S) 
5244 OUTPUT DRIVING 2416 0i 



VqhtWIN.) - 



/ 



I t 7^ 

■M ^ IpwT / 



\ 



\ 



5244 OUTPUT DRIVING 2416 02 



^^^t 



VoHT<MIN.) - 



"V-/" 



5244 OUTPUT DRIVING 2416 03 



Volt (MAX.) - 

Vol ' 
VoltImin.)- 



5244 OUTPUT DRIVING 2416 04 

Voht(max.) — 



Volt(max.) - 



^'"^^ 



J—\. 



""k^F ^-/" 



h »n- PWT 



M=T=- 



\ 



A. 



-^.^ 
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Typical Characteristics 



OUTPUT RISE AND FALL TIME VS. CAPACITANCE 

UOr 















1 












> 


<^ 


^THL 










^ 


<y 










> 


^ 


\< 


Vdd 


25° C 
= 12V' 




/ 


^ 


^ 









































1000 2000 3000 4000 5000 6000 7000 8000 
OUTPUT LOAD CAPACITANCE (pf ) 









mm. 



• dD vs. FREQUENCY 



















































1 HAD = 


Mill 

POIIR 2d1Rs 










1 




Ta = 25° C 










j 






1 


IZV 

1 










J 


1 




















J 


f 




















/ 


r 




















/ 






















,. 


.^^ 


















*^ 

























100kHz 
FREQUENCY 



Application Information 

The 5244 is a TTL to MOS level converter designed to drive 
very high capacitive loads with no required additional 
external components. Its primary application is to drive the 
clock phase inputs of the Intel ® 2416, a 16,384 word x 1 bit 
charge coupled device. 

DRIVING THE 2416 

The 5244 is designed to drive the clock phase inputs of four 
2416s and meet or exceed the electrical specifications of 
these inputs. The 2416 clock specifications of special 
interest to the system designs are: 

1. Clock transition time. 

2. Clock to clock voltage coupling. 

Clock Transition Control 

The 5244 will meet the min/max clock transition time 
requirement of the 241 6 when driving four 241 6s. However, 
when driving less than four 2416s an external capacitor 
(Cext) must be added to assure that the minimum clock 
transition time (30ns) is adhered to. The maximum clock 
transition time for the 5244 will not be exceeded if Cext is 
chosen according to the recommendations in Figure 1. 



5244 




2416 


1 


; ±c„, 




1 


2416 


1. 



Clock to Clock Voltage Coupling 

The equivalent circuit of the 2416 clock phase inputs is 
shown in Figure 2. The magnitude and duration of the 
cross-coupling are graphically presented in Waveform B 
and specified in the A.C. Characteristics. Figure 3, on the 
next page, shows the noise margin between these 
specifications and the 2416 input requirements. 



10<C<300pF 
DATA DEPENDENT 





I' 



EFFECTIVE INPUT CAPACITANCE 

01 & 03 = 500pF 

02 & 04 = 700pF 



Figure 2. 2416 Equivalent Capacitance Circuit. (Maximum 
values shown.) 



Cext = <4-N) C. 
WHERE C0 = TYPICAL 2416 INPUT CLOCK CAPACITANCE. 

A VALUE FOR C^ WITHIN THE RANGE OF 300pF 
TO 400pF WILL WORK FOR ALL CLOCKS, 01...04. 
N =NUMBER OF 2416s PER 5244 OUTPUT. 



Figure 1. External Loading Requirements When Driving 
Fewer Than Four 2416s. 
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DRIVING CLOCK 

(NOT TO SCALE) 






CLOCK 

HIGH 

LEVELS 

EXPANDED 

SCALE OF 

CLOCK 

HIGH 

LEVELS 

SHOWN 

WITH 

CROSS 

COUPLING 

TO THE 

DRIVING 

CLOCK 



2416 SPEC 

01 ..04 



V,lct(MAX)- 



V,Lc(MAX)- 



V,Lc(MIN) 
V,lct(MIN) 



Volt(MAX)- 



Vol(MAX)- 
Vol(MIN)- 



Volt(MIN)- 



., t-r+20ns_ 



^Til 



NOISE MARGIN 



GUARANTEED 5244 OPERATION 



W 



tf-mm 



NOISE MARGIN 



CLOCK 

LOW 

LEVELS 

EXPANDED 
SCALE OF 
CLOCK 
LOW 
LEVELS 
SHOWN 
WITH 
CROSS- 
COUPLING 
TO THE 
DRIVING 
CLOCK 



Figure 3. Noise Margins Between 5244 Output Specs and 2416 0i ... 04 Input Requirements. 
5-50 
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MEMORY SYSTEMS 




MEMORY SYSTEMS 



Type 


Description 


No. of Words 
(Per Card) 


Word 
Length 
(Bits) 


Access 
Time 


Cycle 
Time 


Supplies 
(V) 


Page 


in-10 


RAM System 


8K 


8-18 


275 ns 


450 ns 


+23.2 

+19.7 

+5 


6-4 


in-26 


RAM System 


4K 


4-10 


375 ns 


375 ns 


+5 


6-6 


in-40 


RAM System 


32K 


8-18 


330 ns 


500 ns 


+5 
-5 


6-8 


in-50 


RAM System 


IK 


2-10 


100 ns 


100 ns 


+5 


6-10 


in-60 


Serial Memory System 


20K 


8-10 


500 ns 


N/A 


+5 


6-12 


in-64 


Serial Memory System 


88K 


1-2 


60 ns 


N/A 


+5 


6-14 


in-65 


Serial Memory System 


131K 


8-9 


550 ns 


N/A 


+17 

+12 

+5 

-5 


6-16 


in-4711 


PDP-11 Add-in 


16K 


18-18 


150 ns 


520 ns 


From 
PDP-11 


6-18 


in-4716 


Interdata 7/16 and 
7/32 Add-in 


16K 


17 


300 ns 


1000 ns 


+15 

+5 

-15 


6-20 


in-477 


CRT Refresh Memory 


16K 


16 


600 ns 


850 ns 


+12 
+5 
-5 


6-22 


in-481 


8008, 8080 RAM Memory 


18K 


8 


450 ns 


600 ns 


+12 
+5 
-9 


6-24 



Custom Boards 


6-26 


Cabinets 


6-27 


Chassis 


6-28 


Power Supplies 


6-29 


Accessories 


6-30 
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MEMORY SYSTEMS 



Intel Memory Systems Division offers standard and custom memory systems 
ranging from single board assemblies to multi-mega byte systems. Advanced 1 K, 
4K RAMS along with 16K CCD Serial memory components are utilized for 
highest performance and lowest cost. 
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in-10 

RANDOM ACCESS MEMORY SYSTEM 



The in-10 represents the most economi- 
cal approach to moderate size, high 
speed memory systems. The in-10 ser- 
ies of RAM systems is designed to pro- 
vide high reliability and low price. This 
series features a basic 4K x 18 or 8K x 9 



configuration consisting of two plug-in 
boards: A memory board (MU) and a 
control board (CU). The control board Is 
capable of operating up to 32K words 
X 1 8 bits or 65K words x 9 bits (8 cards). 




in-10 FEATURES: 

• Low Cost Memory 

• High Reliability 

• Modular Expandability 

• Module Interchangeability 

• Automatic Refresh 

• TTL Compatible 

• Byte Control (2 Zones Maximum) 

• Module Select 



Fast Cycle Time 
Low Power Requirements 
Compact Size 
Field Expandable 
Address Register 
Data Register (Optional) 
Basic System Available As 
4Kx18or8Kx9 
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SPECIFICATIONS 

Capacity: 

1 024, 2048, 4096, 81 92 words expandable in 
cards to 32,768 x 18 or 65,536 x 9 capacity. 

Word Length: 

8, 9, 10, 12, 16 or 18 bits in a single memory 
card. Longer word lengths can be accommo- 
dated by combining memory cards. 

Cycle Time: (Read, Write) 



in-lOA 




450 nanoseconds 


in-10 




450 nanoseconds 


in-12 




675 nanoseconds 


in-14 




850 nanoseconds 


Access Time: 


(Read) 




in-lOA 




275 nanoseconds 


in-10 




325 nanoseconds 


in-12 




450 nanoseconds 


in-14 




500 nanoseconds 


Dimensions: 







Memory Board: 8.175 Inches High 

(4Kx18or8Kx9) 10.5 Inches Deep 

0.5 Inches — 
Mounting Centers 

To expand to 32K x 18 add 0.5 inches per 
memory card. Only one control card (CU) is 
needed for systems up to 32K x 1 8 or 64K x 9. 



Memory System: 
(32Kx18) 



8.175 Inches High 

10.5 Inches Deep 

5.0 Inches Wide 



Mating Connector: See page 6-30. 

Operational Modes : 
Read, Write 
Read/Modify/Write (Optional) 

Interface Characteristics: 
TTL Compatible 
Standard Input Lines: 

Cycl^ Initiate 

Byte Control 

Read/Write 
Standard Output Lines: 

Data Available 

Memory Busy 




D.C. Power Requirements: 




in-10: Voltage 


Regulation 


+ 3.5V 

(Stacked on + 19.7V) 

+ 19.7V 

+ 5.0V 


±10% 

±5% 
±5% 


57 Watts (operating 4K x 1 8), 25 Watts stand- 
by power (per each additional 4K) 


in-lOA: 




57 Watts (operating 4K x 1 8) , 7.5 Watts stand- 
by power (per each additional 4K) 


in-12 & 14: Voltage 


Regulation 


+ 3.5V ±10% 
(Stacked on + 16.7V) 

+ 16.7V ±5% 
+ 5.0V ±5% 



46 Watts (operating 4K x 1 8), 1 6 Watts stand- 
by power (per each additional 4K) 

Environment: 

Temperature: 0°C to +50°C operating 

ambient 

-40°C to +125°C non- 
operating 

Relative Humidity: Up to 90% with no con- 
densation 

Altitude: to 10,000 feet operating. 

Up to 50,000 feet non- 
operating. 

Special Options: 

Intel offers this system mounted in a card 
chassis, or complete system. Options seen 
below, and others, can be found on pages 
26 to 29. 




UT-10/40 

Series Interface Board 



in-Minichassis 
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in-26 
RANDOM ACCESS MEMORY SYSTEM 



The in-26 is an extremely easy memory 
system to use. The in-26 is a static mem- 
ory system designed to meet the high 
reliability and low cost requirements of 
random access buffer storage applica- 
tions. Featuring a complete memory sys- 
tem on a single PC board, this memory 
board has a maximum capacity of 4K x 
10 and multiple cards can be used to 
configure systems up to a maximum 



capacity of 65K x 10. It can also be 
provided in smaller capacities by de- 
populating the memory boards. The 
compact size of this system makes it 
ideal for use as buffer storage for vari- 
ous computer peripheral applications. 
This memory system can be easily mod- 
ified to interface with the Intel 4 and 8 
bit micro processors, 4004, 4040, 8008 
and 8080. 




in-26 FEATURES: 

• Low Cost Memory 

• High Reliability 

• Modular Expandability 

• Module Interchangeability 

• Fast Cycle Time 

• Low Power Requirements 

• TTL Compatible 



Compact Size 

Field Expandable 

One Power Supply Voltage 

Address Registers 

Single Board System 

Board Select 
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SPECIFICATIONS 

Capacity : 

1024, 2048, and 4096 words expandable to 
65K words by the addition of memory cards. 

Word Length : 

4, 6, 8,9,10 bits per card. Longer words can 
be made by adding additional memory cards. 

Cycle Time : 

in-26 
in-26-1 
in-26-2 
in-26-3 

Access Time: 

in-26 
in-26-1 
in-26-2 
in-26-3 

Dimensions: 



900 nanoseconds 
650 nanoseconds 
475 nanoseconds 
375 nanoseconds 



900 nanoseconds 
650 nanoseconds 
475 nanoseconds 
375 nanoseconds 



Memory Board: 
(4Kx10) 



8.175 Inches High 
6.0 Inches Deep 
0.5 Inches — 
Mounting Centers 



Mating Connector: See page 6-30. 

Operational Modes: 

Read.Write 

Interface Characteristics : 

TTL Compatible — Open collector or 
terminated three-state 

Standard Input Lines: 
Cycle Initiate 
Board Select 
Read/Write 
Byte Control 




D.C. Power Requirements: 

in-26: +5.0V ±5%; 1.25 Amps Typical 
3.0 Amps Max. 



Environment : 
Temperature: 



Relative Humidity: 



Altitude: 



Special Options: 



0°C to +50°C operating 
ambient 

-40°C to -M25°C non- 
operating 

Up to 90% with no con- 
densation 

to 10,000 feet operating. 
Up to 50,000 feet non- 
operating. 



Intel also offers the in-26 mounted in a card 
chassis. This chassis is available in a variety 
of sizes and can be set up for future expan- 
sion of the memory without changing the 
basic chassis. Options seen below, and 
others, can be found on pages 26 to 29. 





in-Minichassis 




EX-26/50 Extender Board 



UT-26/50 

Series Interface Board 
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Intel 



in-40 
RANDOM ACCESS MEMORY SYSTEM 



The in-40 is one of the highest density 
memory systems now available. The 
system uses high performance Intel 
2107B, a 4K RAM Memory component. 
Fast cycle and access times are pro- 
vided along with this high density. The 



interchangeable memory unit (MU) 
allows expansion in increments of 16K 
X 18 or 32K x 9 with no adjustments. A 
single control unit (CU) handles up to 
128K x 18 or 256K x 9 making this our 
lowest cost-per-bit storage available. 




in-40 FEATURES: 

• Low Cost Memory 

• High Reliability 

• High Density 

• Modular Expandability 

• Module Interchangeability 

• Automatic Refresh 

• Fast Cycle Time 

• TTL Compatible 



Low Power Requirements 

Compact Size 

Field Expandable 

Byte Control (2 Zones Maximum) 

Module Select 

Address Register 

Data Register (Optional) 

Basic System Available As 

16Kx18or32Kx9 
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in-40 



SPECIFICATIONS 

Capacity: 

4096, 8192, 16,384, 32,768 words expand- 
able in cards to 131,072 x 18 or 262,144 x 9 
capacity. 

Word Length: 

8, 9, 10, 12, 16, or 18 bits in a single memory 
card. Longerword lengths can be accommo- 
dated by combining memory cards. 

Cycle Time: 

in-40 500 nanoseconds 

in-42 550 nanoseconds 

in-44 875 nanoseconds 



D.C. Power Requirements (cont.): 



Access Time : 

in-40 
in-42 
in-44 

Dimensions: 



330 nanoseconds 
400 nanoseconds 
480 nanoseconds 



Memory Board: 
(16Kx18or32Kx9) 



8.175 Inches High 
10.5 inches Deep 
0.5 Inches — 
Mounting Centers 
Mating Connector: See page 6-30. 



Operational Mode: Read (NDRO), 


Write 


Interface Characteristics: 




TTL Compatible 




Standard Input Lines: 




Cycle Initiate 




Byte Control 




Read/Write 




Standard Output Lines: 




Data Available 




Memory Busy 




D.C. Power Requirements: 




MU-40: Selected 




Voltage Current (Max.) 


Regulation 


+ 12.0V 1.9 Amps 


±5% 


+ 5.0V 1.2 Amps 


±5% 


- 5.0V <10.0Milliamps 


±5% 


Unselected 




Voltage Current (Max.) 


Regulation 


+ 12.0V 0.142 Amps 


±5% 


+ 5.0V 1.2 Amps 


±5% 


- 5.0V <10.0Milliamps 


±5% 



CU-40: 




Voltage 


Current (Max.) Regulation 


+ 5.0V 


2.8 Amps ±5% 


-5.0V 


0.32 Amps ±5% 


Environment: 




Temperature: 


0°C to +50°C operating 




ambient 




-40°C to +125°C non- 




operating 


Relative Hum 


idity: Up to 90% with no con- 




densation 


Altitude: 


to 10,000 feet operating. 




Up to 50,000 feet non- 




operating. 


Refresh: 





The need for refresh cycles is self deter- 
mined by the CU-40. For normally con- 
figured CU's, at the end of the refresh time 
out interval the CU either initiates a special 
refresh cycle or steals the next cycle for 
refresh if a regular memory cycle is in prog- 
ress. An optional CU-40 configuration allows 
external control of refreshing to the extent 
that automatic cycle stealing is inhibited. At 
the end of the refresh time out, the CU as- 
serts a refresh request signal that indicates 
a refresh cycle is required. At the user's dis- 
cretion, a refresh grant signal is issued 
which then initiates a refresh cycle. 

Special Options: 

Intel offers the in-40 in a card chassis de- 
signed for mounting in 19" and 24" relay 
racks. UT-40 socket cards allow easy wire 
wrapping of custom interfaces in the card 
chassis. See pages 26 to 29 for more acces- 
sory information. 

Another option is the in-41E Euroboard. 
Intel's Euroboard dimensions are 160mm 
high X 233.4 mm deep x 12.7 mm wide. 
See your local Intel representative for add- 
itional specifications. 



6-9 



Intel 



in-50 
RANDOM ACCESS MEMORY SYSTEM 



The in-50 is designed to meet the needs 
of control memory, disk controllers, 
scratch pad and signal processing appli- 
cations. The in-50 provides the fastest 
access and cycle times possible in a 
TTL compatible memory system. Utiliz- 
ing Bipolar technology and solid-state 
integrated circuitry, this memory pro- 



vides high reliability and performance at 
low costs. This memory system features 
a basic size of 1 024 words by 1 bits per 
memory card. It can be expanded to any 
word or bit length by the use of addi- 
tional memory cards. Each system in- 
cludes all address and data registers. 




in-50 FEATURES: 

• Low Cost Memory 

• High Reliability 

• Modular Expandability 

• Module Interchangeability 

• Fast Cycle Time 

• Low Power Requirements 

• Compact Size 

• Field Expandable 



One Power Supply Voltage 
Fully Buffered System 
Module Select 
Address Registers 
Data Registers 
Single Board System 
Open Collector Outputs 
TTL Compatible 
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in-50 



SPECIFICATIONS 

Capacity: 

256, 512 and 1024 words per memory card. 
Larger sizes are feasible by the addition of 
memory cards. 

Word Length : 

2, 4, 6, 7, 8, 9, 1 bits per card. Longer words 
can be accomplished by the use of addi- 
tional memory cards. 

Cycle Time: 



in-50 


100 nanoseconds 


in-52 


150 nanoseconds 


Access Time: 




in-50 


100 nanoseconds 


in-52 


150 nanoseconds 


Dimensions: 





Memory Board: 8.175 Inches High 

(1Kx10) 6.0 Inches Deep 

0.5 Inches — 
Mounting Centers 

Mating Connector: See page 6-30. 

Operational Modes: 

Read (NDRO), Write 

Interface Characteristics : 
TTL Compatible 
Standard Input Lines: 

Cycle Request 

Read/Write 
Standard Output Lines: 

Data Available 



D.C. Power Requirement: 

+ 5.0V ±5% 5.5 Amps per memory card 
Environment : 

Temperature: 0°C to H-50°C operating 

ambient 

-40°C to +125°C non- 
operating 

Relative Humidity: Up to 90% with no con- 
densation 



Altitude: 



Special Options: 



to 10,000 feet operating. 
Up to 50,000 feet non- 
operating. 



The in-50 is available in various word and bit 
lengths. The card chassis is completely wire 
wrapped with I/O connectors for mounting 
in 19" relay racks. It can also be equipped 
with a power supply that is also mountable 
in a 19" relay rack. Options seen below, and 
others, can be found on pages 26 to 29. 




in-Unichassis 





EX-26/50 Extender Board 



UT-26/50 

Series Interface Board 
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intel 



in-60 
SERIAL MEMORY SYSTEM 



The in-60 is designed to meet the high 
reliability and low cost requirements of 
large volume storage and CRT refresh 
applications. The in-60 features the use 
of a single voltage power supply and 
MOS N-channel silicon gate technology. 
This system is available as a self-con- 



tained 20,000 words by 10 bits memory 
unit, or is expandable to virtually any 
size in either word or bit length by the 
use of additional memory cards. The 
in-60 is designed for replacement of 
small fixed head disks and for CRT re- 
fresh applications. 





in-60 FEATURES: 

• Low Cost Memory 

• High Reliability 

• Modular Expandability 

• Module Interchangeability 

• Field Expandable 

• One Power Supply Voltage 



Compact Size 
Adjustable Clocking 
Fully Buffered 
Single Phase Clocking 
TTL Compatible 
Single Board System 
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m-60 



SPECIFICATIONS 

Capacity : 

Up to 20,000 words per memory card. Larger 
sizes are capable by the addition of memory 
cards. 

Word Length : 

6, 7, 8, 9. 10 bits per memory card. Longer 
words are made by combining memory cards. 



Clock Rate: 
Access Time : 
Dimensions: 



1 megahertz to 25 kiloHertz 

500 Nanoseconds 

8.175 Inches High 
10.5 Inches Deep 
0.5 Inches — 
Mounting Centers 

Mating Connector : See page 6-30. 

Interface Characteristics : 
TTL Compatible 
Data Input: 

Up to 10 lines, single ended 
Data Output: 

Up to 10 lines, single ended 
Data Input Control: 

1 line (clock), single ended 

D.C. Power Requirement : 

+ 5.0V ±5% at 7.0 Amps (Max.) 




Environment : 
Temperature: 

Relative Humidity: 
Altitude: 



0°C to +50°C operating 
ambient 

-40°C to +125°C non- 
operating 

Up to 90% with no con- 
densation 

to 10.000 feet operating. 
Up to 50,000 feet non- 
operating. 

Special Options : 

Intel also offers the in-60 mounted in a card 
chassis wire-wrapped to the size ordered. 
This chassis can be mounted in a 19'' relay 
rack. A power supply is also available for 
this system that will mount below the memory 
chassis. The power unit is modular and can 
supply up to a full card chassis of memory. 
A blower assembly is also available for this 
system. This blower assembly draws air from 
the front, back, or below to properly cool the 
memory card chassis. Options seen below, 
and others, can be found on pages 26 to 29. 



in-CHS-ll 




UT-10/40 

Series Interface Board 



Intel 



in-64 
SERIAL MEMORY SYSTEM 



The in-64 is designed to nneet the high 
reliability and low cost requirements of 
large volume storage and CRT refresh 
applications. The in-64 features the use 
of a single power supply and MOS 
N-channel silicon gate technology. This 
system is available as a self-contained 



88K words, with 1 bit or 2 bits per word 
depending on your requirements. It can 
be expanded to virtually any size, in 
either word or bit length, by the use of 
additional memory cards. The in-64 fea- 
tures a compact size, high reliability 
and ease of expansion. 




<^>':^ '^^^F 
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in-64 FEATURES: 

• Low Cost Memory 

• High Reliability 

• Modular Expandability 

• Field Expandable 

• One Power Supply Voltage 

• Compact Size 



Adjustable Clocking 
Fully Buffered 
TTL Compatible 
Single Board System 
Single Phase Clocking 
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in-64 



SPECIFICATIONS 

Capacity: 



Up to 88,000 words per memory card. Larger 
sizes are feasible by the addition of memory 
cards. 

Word Length: 



in-64 


1 or 2 bits per 




memory card 


Longer words are made possible by combin- 


ing memory cards. 




Clock Rate: 




in-64: 


10 MHz to 200 KHz 


Access Time: 




in-64 


60 nanoseconds 


Dimensions: 


8.175 Inches High 




10.5 Inches Deep 




0.5 Inches — 




Mounting Centers 


Mating Connector: See page 6-30. 


Interface Characteristics: 




TTL Compatible 




Data Input: 




in-64 


2 lines, single ended 


Data Output: 




in-64 


4 lines, single ended 



(2 Data Out, -1-2 Data Out) 



Data Input Control: 

2 lines (clock), single ended 
(Collect/Recirculate, Clock) 




D.C. Power Requirement: 



-f5.0V 
Environment: 
Temperature: 



Relative Humidity: 



Altitude: 



Special Options: 



±5% at 6.0 Amps (Max.) 

0°C to -l-50°C operating 
ambient 

-40°C to +125°C non- 
operating 

Up to 90% with no con- 
densation 

to 10,000 feet operating. 
Up to 50,000 feet non- 
operating. 



Intel also offers the in-64 mounted in a 
card chassis wire-wrapped to the size or- 
dered. This chassis can be mounted in a 
19'' relay rack. A power supply is also avail- 
able for this system that will mount below the 
memory chassis. The power unit is modular 
and can supply up to a full card chassis of 
memory. A blower assembly is also available 
for this system. This blower assembly draws 
air from the front, back, or below to properly 
cool the memory card chassis. Options seen 
below, and others, can be found on pages 
26 to 29. 



in-Unichassis 
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UT-10/40 

Series Interface Board 




in-CHS-ll 
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Intel 



in-65 
CCD MEMORY SYSTEM 



The in-65 is a very economical CCD 
memory system designed around the 
Intel 2416. This product is best de- 
scribed and utilized as a Block-Oriented 
Random Access Memory. The system 
can be used to randomly address blocks 
of data and then transfer data sequen- 
tially within the data block at a very 
high data rate. 

The system consists of three board 
types: The memory unit (MU-65), the 
control unit (CU-65), and the buffer unit 
(BU-65). The memory unit has a maxi- 
mum capacity of 1,179,648 bits and is 



configured as 128K x 8 or 128K x 9 
bits. The 9th bit can be either a data 
or parity bit. The CU-65 provides all 
interface, timing and control logic for 
up to 8 MU-65's. The BU-65 is syn- 
chronized to the CU-65 and provides 
for word length expansion. 

The large capacity, high performance 
characteristics and economy of the 
in-65 make it ideally suited for disc and 
drum replacement, magnetic tape loop 
replacement and large CRT refresh ap- 
plications. 




in-65 FEATURES: 

• Low Cost 

• Short Latency Time (125 fisec. ave, 

• High Data Rate (550 nano sec. per word) 

• Randomly Accessible Data Blocks 

• High Reliability 

• High Density 

• Simple Asynchronous Interface 

• Fully Buffered 

• Modular Expandability 

• Module Interchangeability 

• Options: 

Byte Parity 

Address Monitor Outputs 
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in-65 



SPECIFICATIONS 

Capacity: 



Basic MU-65 capacity is 131 ,072 words. The 
system is expandable in cards to 1,048,576 
words while using only one CU-65. 

Word Length: 

Basic word length is 8 or 9 bits, and is ex- 
pandable in multiples of 8 or 9 bits by addi- 
tion of BU-65's to a maximum of 72 bits. 

Shift Rate : 

825 ns when seeking new random address 
10 /-(.sec when in standby for data retention 

Data Transfer Rate : 

10 ixsec to 550 nsec (per 9 bit byte or word) 
16. 4 megahertz (serial transfer) for one 
MU-65 



Dimensions : 

All cards (MU-65, 
CU-65, BU-65) 



Operational Modes: 
Read (NDRO) 



15.0 inches high 
12.0 inches deep 
0.625 Inches — 
Mounting Centers 



Write 



Serial bits, paralleled bytes 
or words 

Serial bits, paralleled bytes 
or words 



Interface Characteristics : 

TTL Compatible, Asynchronous 



D.C. Power Requirements: 



MU-65 (max) 




Operating 


Standby 






(max 


or min. 






shift rate) 


shift rate 


+ 17V DC 


±5% 


at 2.8 amps 


0.4 amps 


-M2VDC 


±5% 


at 2.8 amps 


0.4 amps 


- 5VDC 


±5% 


at 2.8 amps 


0.4 amps 


+ 5VDC 


±5% 


at 0.75 amps 


0.75 amps 


CU-65 (max) 








+ 5VDC 


±5% 


at 5.0 amps 




-5VDC 


±5% 


at 0.4 amps 




BU-65 (max) 








+ 5VDC 


±5% 


at 3.0 amps 




-5VDC 


±5% 


at 0.3 amps 




Environment: 








Temperature: 




0°C to +50°C operating 






ambient 








-40°C to +125°C non- 






operating 




Relative Hum 


idity: 


Up to 90% w 
densation 


ith no con- 






to 10,000 feet operating 






Up to 50,000 feet non-op- 






erating 




Special Options: 







line of accessories de- 
signed specifically for use with the in-65. 
This includes backplanes, custom interface 
card, chassis, power supplies and cooling 
units. These units are available for 19" and 
24" standard racks. 
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intgl in-4711 

PDP-11 ADD-IN SEMICONDUCTOR MEMORY 



The Intel in-4711 is designed for use in 
all models and configurations of the 
DEC PDP-11® computer family able to 
accommodate a "Hex Height" memory 
card and its associated options. It uti- 
lizes the Intel 2107B 4K dynamic RAM 
component. The 16K x 16 (18 bit op- 
tional) memory and all refresh and con- 
trol circuitry are contained on a single 
PC card. Power conversion can be done 
either with a separate "Quad Height" 
DC to DC PC regulator card that pro- 
vides power for up to four in-4711 's or 
with an on-board DC to DC converter 
for each in-4711-1. The in-4711 and in- 
4711 -1 can be used in a system with 
8K core modules, with compatability 
with 16K core modules available for 
volume requirements. 



Active power consumption at 30 watts 
is less than half that of the core memory 
it replaces. This allows wider operating 
margin on the power supply as well as 
a cooler running overall system. The 
system is 3-5 times more dense than 
core. 

Read and write cycle times of 520 nano- 
seconds allow significant speed im- 
provement. Interleave operation with 
two memories is possible for maximum 
throughput. 

Quick address select changes are pos- 
sible through the use of on-board DIP 
switches. 

Write access time of 150 nanoseconds 
frees up the unibus at least 50 nanosec- 
onds faster. Byte operation is also stan- 
dard. 




in-4711 FEATURES: 

• Low Cost Memory 

• Fast Cycle Time 

• Low Power Requirements 

• High Reliability 

• Module Interchangeability 

• Modular Expandability 

• Compact Size 



Byte Operation 

Address Select Switches 

Two Way Interleave 

(16K Boundaries) 

Compatible with both DEC PDP-11® 

Memory Management and Byte Parity 

Options 
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in-4711 



SPECIFICATIONS 



Capacity: 

8K and 16K words per board 

Word Length: 
16 or 18 bits 



Cycle Time: 

Read 
Write 

Access Time : 

Read 
Write 

Dimensions : 

Memory Board (Hex) 



520 nanoseconds 
520 nanoseconds 



450 nanoseconds 
150 nanoseconds 



15.4 Inches High 
8.4 inches Deep 
0.375 Inches Wide 

*DC/DC Converter Board (Quad) 

10.875 Inches High 
0.84 Inches Deep 
0.375 Inches Wide 

Operational Modes: 

Read Word 
Write Word 
Read Byte 
Write Byte 



*Converts 8K core voltages 
to the required in-4711 voltages. 



Interface Characteristics : (Unibus Compatible) 

TTL Compatible 
Standard Input Controls: 

Cycle Initiate (MSYN) 

Byte Select (CO) 

Rfead/Write (CI) 

Address Lines (A0-A17) 

Data Lines (D0-D15) 

Slave Sync (SSYN) 

Initialize (INIT) 

D.C. Power Requirements: 



17.5 Watts 


Typical 


29.4 Watts 


Max. 


Environment: 




Temperature: 


0°C to +50°C operating 




ambient 




-40°C to +125°C non- 




operating 


Relative Humi 


dity: Up to 90% with no con- 




densation 


Altitude: 


to 10,000 feet operating. 




Up to 50,000 feet non- 




operating. 


Special Options: 



16K core compatibility available on a cus- 
tom basis for volume requirements. 



:^^M^- 
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DC/DC CONVERTER BOARD (R/11) 
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intgl in-4716 

7/16 ADD-IN SEMICONDUCTOR MEMORY 



The Intel in-4716 is designed to be plug- 
to-plug compatible with the Interdata® 
MODEL 7/16 BASIC Minicomputer. The 
in-4716 consists of one printed circuit 
card which contains a 16K word by 17 
bit memory storage area, plus all con- 
trol, refresh and interface logic needed 
to operate the memory unit. 

The Intel 2107B 4K dynamic RAM is uti- 
lized in the in-4716, thereby providing 



non-destructive data read out, high den- 
sity and high reliability all at a very 
attractive price. 

The worst case active power consump- 
tion for the in-4716 is 36 watts which is 
less than half that of the core memory 
it replaces. This allows wider operating 
margins on the power supply, as well as 
a cooler running overall system. 





in-4716 FEATURES: 

• Low Cost Memory 

• Fast Cycle Time 

• Low Power Requirements 

• High Reliability 

• Module Interchangeability 



Modular Expandability 
Compact Size 
Single Board System 
Byte Operation 
Address Select Switches 
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in-4716 



SPECIFICATIONS 

Capacity: 

8192, 12288 & 16384 words. Expandable to 
32768 words by addition of a second mem- 
ory card. 

Word Length: 

17 bits (including parity) 

Cycle Time: One Microsecond 

300 nanoseconds 



D.C. Power Requirement: 



14.88 Inches High 

15.38 Inches Deep 

0.40 Inches Wide 



Access Time: 
Dimensions: 

Memory Board 
(16Kx17) 

Operational Mode: 
Clear/Write 
Read/Restore 
Refresh 

Interface Characteristics : 

TTL Compatible 
Data Input: 

Memory Data 00-1 6 (MDOOO-1 60) 17 lines 
1 6 lines data, 1 line (1 6) parity 
Data Output: 

Memory Strobe 00-16 (MSOOO-160) 17 lines 
16 lines data, 1 line (16) parity 
Address Input: 

Memory address 00-1 4 (MAOOO-1 40) 1 5 lines 
Control Signals: 

All control lines are single-ended 
Standard Input Lines: 

Enable </> 

Access Control c/) 

Early Read (/> 

Temperature Sensing A 
Standard Output Lines: 

Request </) 

Access Control (^ 
(to other devices) 

Temperature Sensing B 



Selected 


Unselected 


Voltage Current (Max.) 


Current (Max.; 


+ 15.0V 1.3 Amps 


0.2 Amps 


+ 5.0V 3.0 Amps 


3.0 Amps 


-15.0V 85.0Milliamps 


85.0 Milliamps 


Regulation 




±5% 




±5% 




±5% 




Environment: 




Temperature: 0°C to 


+ 50°C operatir 



ambient 

-40°C to -M25°C non- 
operating 

Relative Humidity: Up to 90% with no con- 
densation 

Altitude: to 10,000 feet operating 

Up to 50,000 feet non- 
operating 

Refresh: 

Refresh cycles are requested by the memory 
which time out intervals of 30 microseconds, 
±10% (i.e., 1/64th of the memory retention 
time). 

The Refresh cycle is initiated after the mem- 
ory sends a Request signal to the processor. 
The next enable pulse is used to initiate a 
Refresh cycle, and the following ERO (Early 
Read signal) generates the cycle. A Refresh 
cycle is identical to a bus cycle, except that 
all memory chips on the memory card are 
enabled at the same time. 
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intgl in-477 

CRT DISPLAY RANDOM ACCESS MEMORY SYSTEM 



The in-477 memory card is designed 
for storage and retrieval of digital video 
image data. Each card has a capacity 
of 256K (K = 1024) bits, which will 
drive a 512 x 512 CRT display. Cards 
may be operated in parallel to create a 
gray scale or multi-color displays. The 
card may be operated in a single bit per 
cycle serial mode, or a sixteen bit paral- 
lel mode. The card contains a sixteen 
bit parallel-to-serial register with exter- 
nal clocking and loading, to permit a 
serial bit read out at higher speeds than 
the normal card cycle time. Refreshing 
of the data in the n-channel MOS RAM's 



is normally achieved bysequential scan- 
ning of the memory for display refresh 
purposes. For special applications, the 
card can be refreshed externally at a 
rate of 64 times every 2 millisec, rather 
than 256 times every 2 millisec during 
the normal display refresh scan. This 
is accomplished by refreshing one row 
in all 64 RAM's on the card at once. A 
clear memory mode allows setting all 
memory locations to either a one or 
zero state in a simplified manner, if 
desired for initialize, reset, erase or 
other purposes. 




in-477 FEATURES: 

• Low cost 2107 4K RAM utilized 

• Customer controlled refresh 

• Paralleled and serial word and 
single bit modes of operation 

• Allows RANDOM INSTANTANEOUS 
up dating of data 

• Single boards can be used for 
character/graphic displays 



Multiple boards can be used for 
Gray scale and color displays 
Designed for use with 
512x512 CRT MATRIX 
Simplified clear/erase memory mode 
Multiple speeds available by 
selecting 2107 components 
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in-477 



SPECIFICATIONS 



Capacity : 

. 256K bits, 
x1 

Cycle Time : 
Access Time: 



organized as 16K x 16, or 256K 

850 nanoseconds 
600 nanoseconds 



Retention Time: Two milliseconds 



Dimensions : 

Memory Board 



Mating Connectors: 
Contact Factory 



15.0 Inches High 
15.0 Inches Deep 

0.5 Inches — 

Mounting Centers 



Operational Mode: 



Write Word 
Read Word 
Write Bit 
Read Bit 
Read Word 
Clear Set 



(Parallel 1 6 bit data word transfer) 
(Parallel 1 6 bit data word transfer) 
(Single bit data transfer) 
(Single bit data transfer) 
(Serial 1 6 bit data word transfer) 



Interface Characteristics: 



18 lines (TTL) 



Address Input: 
Data Input/Output: 

16 lines for parallel word modes, 1 line for 

serial word mode, plus 1 line for single bit 

modes, all open collector, bidirectional lines 
Serial Output (High Speed): 

1 line, TTL active pull up/pull down 
Control Input Lines: 

Clock enable 

Write enable 

Word/Bit select 

Mode enable 

Card select 

Write time gate 

Clear memory enable 

Shift register load 

Serial shift clock 



D.C. Power Requirement: 



Voltage 
+ 5.0V 
+ 12.0V 
- 5.0V 

Environment: 
Temperature: 



Selected 
Current (Max.) 
3.00 Amps 
1.50 Amps 
0.05 Amps 



Regulation 
±5% 
±5% 
±5% 



Relative Humidity: 



Altitude: 



0°C to +50°C operating 
ambient 

-40°C to +125°C non- 
operating 

Up to 90% with no con- 
densation 

Up to 1 0,000 feet operating 
Up to 50,000 feet non- 
operating 

Interface Voltages: 

TTL Levels for all inputs and outputs 

Special Options: 

Access and cycle times of 280 nanoseconds 
and 450 nanoseconds respectively can be 
provided on a custom basis for volume re- 
quirements. (Note: these times allow 25 
nanoseconds address settling time prior to 
starting a memory cycle.) 
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in-481 

16K X 8 MICROPROCESSOR 
COMPATIBLE MEMORY SYSTEM 




The in-481 is a 16K x 8 Random Access 
Memory that utilizes the Intel 2107B 4K 
Dynamic RAM chip. The memory and all 
refresh and control circuitry are on one 
PC board. The in-481 is expandable to a 
maximum of 64K x 8 by the use of four 
memory cards. The in-481 card is de- 
signed to interface directly with the 
IMM8-82 and the IMM8-83 CPU cards. 
Since the characteristics of these two 
cards are governed by either the 8008 
or the 8080 microprocessors, it is also 
possible to use the in-481 with any CPU 
using these devices. The physical size 
of the in-481 is the same as the IMM 
Series. The address, data I/O, and 
power pin-outs are the same as the 
IMM6-28. 

Applications* 

8008 

When using the in-481 in an 8008 or 




8008-1 microprocessor based system, 
the access and cycle times are such 
that WAIT states need not be entered. 
All refresh, write and read cycle re- 
quests are synchronized to specific CPU 
states and requests. This means that the 
in-481 is totally transparent to the CPU. 
During normal CPU operation all re- 
freshing is done during the T, state of 
the 8008; during a HALT or HOLD state 
the memory refresh is synchronized to 
the <j()| clock and occurs every 7.5 /.'.sec. 
It should be noted, that a power-up 
reset circuit initializes all control circuit- 
ry on the in-481. 

8080 

When using the in-481 in an 8080 micro- 
processor based system, the memory 
components used are faster in both 
cycle and access times in order to mini- 
mize the total number of WAIT cycle re- 
quests. All refresh, read and write cycle 
requests are again synchronized to spe- 
cific CPU states or requests. Because of 
the 2.0 /isec instruction cycle time of the 
8080, a single WAIT state or a possible 
double WAIT state is required during 
memory refresh. A memory refresh is 
initiated once every 31 /./.sec and it is 
synchronized to the positive edge of 
SYNC during the T, state. Normally a 
single WAIT state between T2 and T3 
states is required if the memory is in the 

*While the in-481 and in-481 -1 are designed 
to work with the IMM8-82 and IMM8-83, they 
are not intended for use in the INTELLEC 
8/MOD8 or INTELLEC 8/MOD80 since the 
current requirements of the in-481 and in-481 -1 
exceed the 60mA capacity of the INTELLEC 
4- 12V power supply. 



in-481 FEATURES: 

• IMM8-82and IMM8-83 
Compatible 

• Automatic Refresh 

• Modular Expandability 

• Module Interchangeability 

• Very High Density 

• Board Select 

• On Board 4K Address Select 

• On Board 4K Enable/Disable 

• input and Output Data Registers 

• Low Standby Power 
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Applications (Continued) 

process of performing a read operation. 
If, however, a write cycle had been initi- 
ated during T3 of the previous subcycle 
a double WAIT state is requested by the 
in-481. During the HOLD and HALT 
states, the refresh requests are syn- 
chronized to the (/), clock and they occur 
with a period of 25 ^sec. It should be 
noted again that the power-up reset cir- 
cuit initializes all control circuitry. . 

DMA 

A DMA option is made possible in both 
8008 and 8080 systems by means of the 
HOLD features. The HOLD ACK signal 
in both the IMM8-82 and IMM8-83 frees 
the control lines of the in-481 and the 
in-481 -1 . This signal is also used by the 
in-481 to disable the MEM READ CYCLE 
control input thereby enabling DMA con- 
trol of the memory. Since refresh is syn- 
chronized to the <^, clock, and since 
additional state lines are brought out 
from the in-481 , an access control cir- 
cuit can be implemented to perform 
DMA. After completion of DMA, the 
HOLD and WAIT requests to the CPU 
card are disabled, and memory opera- 
tion proceds as normal. 

SPECIFICATIONS 

Dimensions : 

8.00 inches x 6.18 inches with 0.5 
inch mounting centers. 

Capacity : 

1 6K X 8 expandable to 64K x 8 by 
use of four memory cards 



PIN NO. 


8008 


8080 


1 
2 
3 


GND 


GND 


4 


GND 


GND 


5 


WAIT ACK 


WAIT ACK 


6 

7 


Tl 


CLKB 
DMA READ 


DMA READ 


8 


PWR RESET 


PWR RESET 


9 


•WE 


•WE 


10 


NC 


02 




MADO 


MADO 


12 


MAD 1 


MAD 1 


13 


MAD 2 


MAD 2 


14 


MAD 3 


MAD 3 


15 


MAD 4 


MAD 4 


16 


MAD 5 


MAD 5 


17 


MAD 6 


MADS 


18 


MAD 7 


MAD 7 


19 


MADS 


MAD 8 


20 


MAD 9 


MAO 9 


21 


WAITREQ 


WAITREd 


22 






23 


MDI 


MDI 


24 


DBO 


DBO 


25 


MDI 1 


MDI 1 


26 


DB 1 


DB1 


27 


MDI 3 


MDI 3 


28 


DB3 


DB3 


29 


MDI 2 


MDI 2 


30 


DB2 


DB2 


31 


MDI 5 


MDI 5 


32 


DB5 


DBS 


33 


MDI 4 


MDI 4 


34 


DB4 


DB4 



Cycle Time : 
in-481 
in-481 -1 

Access Time: 
in-481 
in-481 -1 

Power: 
+ 5V 
+ 12V 
-9V* 



1100 nanoseconds 
600 nanoseconds 

650 nanoseconds 
450 nanoseconds 

1.0A 
0.9A 
30mA 



* ( — 9V is zenered to — 5V; optional — 5VDC at 5mA) 

Operational Modes: 
Read (NDRO) 
Write 

Environment : 

Temperature: 0°C to +50°C oper- 
ating ambient 
-40°Cto +125°C 
non-operating 



Relative 
Humidity: 

Altitude: 



Up to 90% with no 
condensation 

Oto 10,000 feet 

operating 

Up to 50,000 feet 

non-operating 

Connector Type : 

Amp 1-67878-0 

Winchester HW50D0111 
Viking 3VH50/ICN5 

Sylvania 7900-0281 -X 




PIN NO. 


8008 


8080 


35 


MDI 7 


MDI 7 


36 


DB7 


DB7 


37 


MDI 6 


MDI 6 


38 


DB6 


DB6 


39 


SYS ENC 


SYS ENC 


40 
41 




ADD ENA 


ADD ENA 


42 


ADD ENB 


ADD ENB 


43 


-9V 


-9V 


44 


-9V 


-9V 


45 


DMA READ ENABLE 


DMA READ ENABLE 


46 


HdUDACK 


HOLD ACK 


47 






48 






49 


+ 12V 


+ 12V 


50 


+ 12V 


+ 12V 


51 






52 






53 






54 






55 






56 






57 






58 






59 


MAD 13 


MAD 13 


60 


MAD 12 


MAD 12 


61 






62 












63 


MA 14 


MA 14 


64 






65 


MAD 15 


MAD 15 


66 


MAD 14 


MAD 14 


67 


DB IN 


MEM READ CYC 


68 


MA 15 


MA 15 


69 







PIN NO. 


8008 


8080 


70 






71 


•READ 


•READ 


72 
73 


HALT ACK 




HALT ACK 


74 


SYNCA 


DMA 02 DISABLE 


75 






76 






77 






78 






79 






80 






81 






82 






83 






84 






85 


•REF 


•REF 


86 






87 


•BUSY 


•BUSY 


88 


•ENREF 


•ENRtF 


89 






90 






91 


GND 


GND 


92 


GND 


GND 


93 






94 


MAD 11 


MAD 11 


95 


R/W 


R/W 


96 


MAD 10 


MAD 10 


97 






98 


01 


01 


99 


+5 


+5 


100 


+5 


+5 



•Statui signals from in-481 . 
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CUSTOM MEMORY CARDS 



The following are examples of custom memory 
systems that have been designed exclusively for vari- 
ous OEM customers. These cards vary greatly in size, 
configuration and usage. Each card was designed to 
meet the individual needs of an OEM customer. In 
each case, our staff met the particular electrical, 
mechanical and environmental constraints placed on 
the card. In each case our staff's background and 
knowledge of semiconductor memories produced 
smooth production flow, reliable products and on- 
time deliveries that met the specifications. 



Intel's custom board capabilities are not limited to 
4K RAM components. Custom boards have been de- 
signed around almost every serial, RAM, ROM and 
PROM component manufactured by Intel. When Intel 
plans'a new component, Memory Systems is enlisted 
to design a system and evaluate the prototypes long 
before the component is announced. A custom board 
customer can beat his competition to the delivery of 
a new system by using the first experienced systems 
designers with that component: Intel Memory Systems. 




8K x 18 Memory System with on-board byte 
control logic and external timing and refresh 
control. Card is designed to replace an ex- 
pensive core memory used with a custom- 
designed processor. 



16K X 8 Two Card Microprocessor 
(Intel 8080) Compatible Memory System 
A single timing and control card 
operates up to four memory 
cards thus reducing overall 
memory systems cost. 




16K X 17 RAM Memory System used by a 
major industrial giant with stringent reliability 
requirements in the demanding environment 
of a numerical control application. This system 
includes a power save feature. 



16K X 16 RAM 

Memory System. Another cost 
effective use of our 4K chip design 
for a CRT type application. 




65K X 8 Memory System with a 32 bit parallel 
load input and an 8 bit wide serial output. The 
card is used for CRT refresh in an intelligent 
terminal. 




4K X 12 to 4K X 16 RAM Memory System with 
external timing and control. Used to replace 
an expensive core memory in an intelligent 
terminal CRT display. 
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MEMORY CABINETS 



The in-Series Memory Cards are avail- 
able as individual units or in complete 
systems. Intel features a number of mem- 
ory cabinets that can accommodate a 
variety of memory capacities. Cabinets 
are designed to allow customers maxi- 




mum freedom in specifying memory con- 
figurations. These cabinets contain 
power supplies, cooling and interface 
connections. The following photographs 
show the various types that are available 
for off-the-shelf delivery. 



in-CAB-SHB Memory Cabinet fea- 
tures a capacity of up to 96K x 63 
bits or 388K x 16 bits, including 
power supplies and cooling. This 
cabinet is 10" high by 36'' deep and 
is 19'' wide. It is accessible from 
both front and rear and is mounted 
on casters. It has room in the rear 
for additional interface logic chassis. 



in-CAB-BHB Memory 
Cabinet features a 
capacity of up to 262K x 27 
bits. It has ample space for power 
supplies, and has optional battery 
back-up capability, including bat- 
teries, for a 1 hour back-up support. 
This cabinet is 80" high by 30" deep 
and is 19" wide. Accessible from 
both the front and rear, it contains 
its own cooling fans and is mounted 
with casters for easy movement. 





in-CAB-HB Memory Cabinet can 
accommodate up to 96 MU-10/MU- 
40 series cards. This memory cab- 
inet is 72" high, 19" wide and 30" 
deep. It is designed to be free- 
standing and contains room for 
cooling fans, power supplies and 
interface cabling. The memory size 
can vary from 32K x 144 to256Kx18 
bits. All power supplies are mounted 
on slides for easy access. 





in-CAB-LB Memory Cabinet fea- 
tures a low profile with space for 
up to 32K X 128 bits of in-10, or 4 
times that of in-40 memory, includ- 
ing power supplies and cooling. 
It is only 48" high x 30" deep and is 
19" wide. It is free-standing and 
comes with casters for easy move- 
ment. 
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CARD CHASSIS 



The in-Series Memory Systems are 
designed in modular form for ease of 
conversion into a variety of sizes and 
configurations. These standard chassis 
were designed to accommodate spe- 



cific customer applications. These are 
shown in the following photographs. Our 
Intel sales representative can help you 
with your particular application. 




The in-CHS-ll Memory Chassis 
is designed to accommodate up to 
66 memory and control cards. It fea- 
tures the use of segmented PC back 
planes for use in configuring large 
memory systems. This chassis is de- 
signed for use in making large word 
length memory systems. It is 20" 
high, 12" deep, mountable in a 19" 
relay rack, and can be used with 
in-CAB memory cabinets. 



The in-Minichassis Memory Chassis 
is designed to accommodate up to 
8 memory cards. The memory cards 
are mounted horizontally with room 
for a control card and 1 UT-10/40 
interface card. This mini-chassis is 
7" high and includes power supplies 
and cooling fans. It is mounted on 
slides for ease of movement in and 
out. All connections are made from 
the rear of the unit and it can be 
mounted in a 19" relay rack. A front 
panel is optional and includes a cir- 
cuit breaker and indicator lights. 
This unit features the use of a PC 
back plane for all power and ground 
connections. 





The In-Unichassis Memory Chassis 
is designed to accommodate up to 
33 memory and control cards for 
mounting in a 19" relay rack. This 
chassis features the use of a full 
PC back plane with internal power 
and ground. The chassis can be 
wired for a number of memory sizes 
and configurations, and also be used 
in multiples for even larger memory 
configurations. It is 10.5" high, 12'' 
deep, and can be used with in-CAB 
memory cabinet. 



The in-Jumbochassis is designed 
for memory systems that may be 
mounted in a 24" cabinet. With 
integral power supplies and fan 
assemblies, it measures only 14" H 
X 24" W X 24" D. Forty-three card 
slots are available to house thou- 
sands of combinations of standard- 
sized Intel memory cards. For exam- 
ple, a 128K X 18 or 256K x 9 in-10 
system, or a 51 2K x 1 8 or 1 024K x 9 
in-40 system can be housed with 
seven I/O slots left over for address 
and data buffers or for other custom 
logic. 
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POWER SUPPLIES 



The in-Series Memory Systems are de- 
signed in modular form allowing conver- 
sion into a variety of sizes and config- 
urations. To accommodate these various 
memory sizes, Intel has designed stan- 
dard power supply modules for use in 



configuring these systems. The following 
photographs show standard power sup- 
ply modules that are available. Contact 
your Intel Memory Systems representa- 
tive for the one that fits your particular 
application. 




The in-SPS Power Supply. This power 
system is designed to supply both large 
and small amounts of +5.0 Volts. This 
power system is especially suited for 
use with the in-26/in-50/in-60/in-62 
Memory Cards. It is a rack mountable 
chassis, and includes an on/off switch 
on the front panel. 



The in-DPS-3 Power Supply is designed 
to provide power to 190K x 9 or 96K x 
18, using individual supplies for each 
voltage level. This supply is 1" high 
and is 19" rack mountable. It features 
a circuit breaker and has individual 
indicator lights mounted on the front. 
It has its own internal cooling, and is 
recommended for use with the in-10 
Series Memory System. 




The in-MPS Power Supply. This system 
is designed to operate up to 8 MU-10's 
or 8 MU-40's, along with one C.U. card, 
and also have enough +5.0 Volts avail- 
able to power up one interface card 
containing interface logic. This power 
supply fits into the mini-chassis and is 
rack mountable. 



The in-LPS Power Supply. This system 
is designed to power up small or large 
increments of in-40 Memory Cards. This 
system is available in both 1 1 Volt and 
208 Volt versions. It is a rack mounted 
chassis and includes an on/off switch 
on the front panel. 
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ACCESSORIES 



The in-Series is available in card 
chassis, and with modular power 
supplies that can be mounted along- 
side, below, or behind the memory 



cards. Other accessories like ex- 
tender boards, interface boards and 
fan assemblies are also available 
and listed below. 




in-Series Fan Assembly 

This fan assembly is designed for 
mounting in a 19" relay rack. Used 
for blowing air, or drawing air, up- 
ward through the in-series card 
chassis, this unit can receive air 
from the front, rear or underneath, 
and send adequate air flow through 
up to 4 card chassis stacked upon 
each other. 
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UT 10/40 

Series Interface Board 

This board is designed for use in 
assembling custom interfaces to use 
with in-10/40 series memory sys- 
tems. The interface board can be 
used with I.C. sockets, with up to 
18 pins, and can be wirewrapped 
for quick interface connections. This 
I/O board plugs directly into the 
in-10/40 series connector slots. 2 
slots are available to accommodate 
up to 40 pin sockets. 



in-Series 

MT-10/40 System Exerciser 

This system exerciser is designed 
to test up to 36 bits of information 
and address up to 262 thousand 
words of memory. The tester is 
mountable on the front of the mem- 
ory unit by use of self-contained 
magnetic devices and is set up to 
be pluggable into the backplane of 
the memory system. 




in-Series 

interface Connector 

This unique connector scheme is 
designed to provide inexpensive, yet 
reliable, interconnections to the in- 
Series memory systems. It fits over 
the in-Series back panel wire wrap 
pins and forms a tight interconnec- 
tion. The connector is then fitted 
with flat cable for connection to 
other parts of the system in which 
it is being used. 




in-Series Extender Board 

This extender board is designed to 
provide the user with full access to 
any in-series memory card. The ex- 
tender board plugs directly into the 
back panel connector and allows full 
view of any of the in-series cards. 



Memory Board Mating 
Connectors Are: 



Amp 


1-67878-0 


Winchester 


HW50DO111 


Viking 


3VH50/ICN5 


Sylvania 


790a0281-X 
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MICROCOMPUTER SYSTEM 
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MCS-40™ MICROCOMPUTER SYSTEM 



i 



Type 


Group 


Description 


Page No. 


4040 


CPU 


Central Processor Unit 


7-4 


4004 


CPU 


Central Processor Unit 


7-11 


4003 


I/O 


10-Bit Shift Register 


7-18 


4265 


I/O 


Programmable General Purpose I/O 


7-22 


4269 


I/O 


Programmable Keyboard/Display Device 


7-39 


4201 


Peripherals 


Clock Generator 


7-53 


4008/4009 


Peripherals 


Standard Memory Interface Component Pair 


7-59 


4289 


Peripherals 


Standard Memory Interface 


7-65 


4002 


RAMs 


320-Bit RAM/4 Output Lines 


7-76 


4101 


RAMs 


256X4NM0SRAM 


7-82 


4001 


ROMs 


256x8 ROM/4 I/O Lines 


7-85 


4308 


ROMs 


1024x8 ROM/16 I/O Lines 


7-94 


4316A 


ROMs 


2048x8 ROM 


7-104 


4702A 


PROMs 


256x8 Erasable PROM 


7-107 


MCS-4/40 


Kits 


Prototype Systems 


7-110 
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MCS-40" MICROCOMPUTER SYSTEM 



The MCS-40 microcomputer family (the expanded MCS-4 family) is the world's largest 
selling family of microcomputers. This family of components has been in use for a wide 
variety of computer and control applications since 1971. The MCS-40 Is a system which 
provides its users with an advanced generation of components geared for random logic 
replacement and all designs which require the unique advantage of a general purpose 
computer. The MCS-40 comes with a comprehensive product development program 
consisting of hardware and software development aids and a large network of regional 
application engineers to draw upon. 

The 4004 and 4040 are complete 4-blt parallel central processing units (CPUs). The 4040 
has a complete instruction set of 60 instructions, including Arithmetic, Interrupt, Logical 
Operations, I/O Instructions, Register Instructions, ROM Bank Switching, Register Bank 
Switching, Interrupt Disable and Enable. The 4004 has a total of 46 instructions all of which 
are part of the 4040 Instruction set and are mutually compatible. 
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CLOCK GENERATOR 

4201 



4308 
4001 



OUTPUT EXPANDER 

4003 



CPU 

4040 
4004 
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INPUT 
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GENERAL PURPOSE 
I/O 



\Jl 



7y 

(4) 



PROGRAMMABLE 

KEYBOARD/DISPLAY 

DEVICE 



STANDARD MEMORY 
INTERFACE 



7^ 
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GENERAL PURPOSE 
I/O 



PROMs, ROMs, RAM 



4702A 
431 6A 



2101 
5101 
51 OIL 



7\ 
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GENERAL PURPOSE 
I/O 



I/O 
8251 
8253 
3214 



7> 
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RAM 
2101 
5101 
51 OIL 
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int^l 4040 

SINGLE CHIP 4-BIT 
P-CHANNEL MICROPROCESSOR 



Functionally and Electrically 
Upward Compatible to 4004 CPU 

1 14 Additional Instructions 
(60 total) Including Logical 
Operations and Read Program 
Memory 

Interrupt Capability 

Single Step Operation 



■ 8K Byte IVIemory Addressing 
Capability 

■ 24 Index Registers 

■ Subroutine Nesting to 7 Levels 

■ Standard Operating 
Temperature Range of 
0°to70°C 

■ Also Available With -40^ 
to +85'' C Operating Range 



i 



The Intel® 4040 is a complete 4-bit parallel central processing unit (CPU). The CPU can directly address 4K eight bit instruction 
words or 8K with a bank switch. Seven levels of subroutine nesting, including interrupt, and 24 randomly accessable index 
registers (24x4) are provided as convenient facilities for the designer. The index registers may be used for addressing or for 
scratch pad memory for storing computation results. The Interrupt feature permits a normal program sequence to be 
interrupted, with normal program execution continuing after the interrupt service routine is completed. Provisions have also 
been made to permit single-stepping the CPU using the STOP and ACKNOWLEDGE signals. 

The 4040 is an enhanced version of the 4004 and as such retains all the functional capability of that device. It will execute all the 
4004 instructions, and is also electrically compatible with all components used with a 4004 CPU. 
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Pin Description 













DoC 


1 




24 


Zlcv 


°.c 


2 




23 


1 CM-ROMo 


"=C 


3 




22 


1 CM-ROMi 


03 C 


4 




21 


Z] Vddi 


STP ACK [^ 


5 




20 


1 CM-RAMo 


stpC 


6 


4040 


19 


I CM-RAMi 


INT r~ 


7 




18 


1 CM-RAM2 


INT ACK [^ 


8 




17 


1 CM-RAM3 


VssE 


9 




16 


1 SYNC 


*.c 


10 




15 


Z] VdD2 


*2C 


11 




14 


~~1 Vdd 


RESET L_ 


12 




13 


1 TEST 













D0-D3 

BIDIRECTIONAL DATA BUS. All address and 
data communication between the processor and 
the RAM and ROM chips occurs on these 4 lines. 

STP 

STOP input. A logic "^" level on this input causes 
the processor to enter the STOP mode. 

STPA 

STOP ACKNOWLEDGE output. This signal is 
present when the processor is in the stopped state. 
Output is ''open drain" requiring pull-down 
resistor to Vdd- 



INT 

INTERRUPT input. A logic 
causes the processor to 
mode. 



'^" level at this input 
enter the INTERRUPT 



INTA 

INTERRUPT ACKNOWLEDGE output. This 
signal acknowledges receipt of an INTERRUPT 
signal and prevents additional INTERRUPTS from 
entering the processor. It remains active until 
cleared by the execution of the new BRANCH 
BACK and SRC (BBS) instruction. The output is 
"open drain" requiring a pull-down resistor 
to Vdd- 



RESET 

RESET input. A logic "1" level at this input clears 
all flag and status registers and forces the program 
counter to zero. To completely clear all address 
and index registers, RESET must be applied for 96 
clock cycles (12 machine cycles). 

TEST 

TEST input. The logical state of this signal may be 
tested with the JCN instruction. 

SYNC 

SYNC output. Synchronization signal generated by 
the processor and sent to ROM and RAM chips. It 
indicates the beginning of an instruction cycle. 

CM-RAMo - CM-RAM3 

CM- RAM outputs. These are bank selection signals 
for the 4002 RAM chips in the system. 

CM-ROMo - CM-ROMi 

CM-ROM outputs. These are bank selection signals 
for program ROM chips in the system. 

CY 

CARRY output. The state of the carry flip-flop is 
present on this output and updated each Xi time. 
Output is "open-drain" requiring pull down 
resistor to Vdd- 



01,02 

Vss 

Vdd 

*Vddi 

*VdD2 



Two phase clock inputs 
Most positive voltage 
Vss-15V ±5% - Main supply voltage 
Vss— 1 5V ±5% — Timing supply voltage 
— Output buffer supply 
voltage 



*For low power operation 
•^^May vary depending on system interface 
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Instruction Set Format 

A. Machine Instructions 

• 1 word instruction — 8-bits requiring 8 clock periods (1 instruction cycle) 

• 2 word instruction — 16-bits requiring 16 clock periods (2 instruction cycles) 

Each instruction is divided into two 4-bit fields. The upper 4-bits is the OPR field containing the 
operation code. The lower 4-bits is the OPA field containing the modifier. For two word 
instructions, the second word contains address information or data. 

The upper 4-blts (OPR) will always be fetched before the lower 4-bits (OPA) during Mi and M2 
times respectively. 





ONE WORD INSTRUCTIONS 








D3 


TWO WORD 

1ft INSTRUCTION CYCLE 
D2 D, Do D3 D2 D, Do 


INST 

OR 
OR 
OR 


RUCTIONS 

2nd INSTRUCTION CYCLE 
D3 Dj D, Do D3 Dj D, Do 










X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 1 X 


X 


X 


X 






D3 Dj Di 


Do D3 D2 D, Do 








OPR 




OPA 


OPR OPA 






X 


X 


X 


X 


X 


X 


X 


X 








OP CODE 


MODIFIER 


OP CODE MODIFIER 






OPR 


OPA 






















OPCODE 


MODIFIER 






X 


X 


X 


X 


UPPER ADDRESS 
A3 A3 A3 A3 


MIDDLE ADDRESS 
A2 A2 A2 A2 


LOWER ADDRESS 
Ai A) A^ A^ 






























X 


X 


X 


X 


INDEX REGISTER 

ADDRESS 
R R R R 






X 


X 


X 


X 


CONDITION 
Ci C2 C3 C4 


MIDDLE ADDRESS LOWER ADDRESS 
Aj Aj A2 Aj A, A, Ai A, 








OR 




















X 


X 


X 


X 


INDEX REGISTER PAIR 
ADDRESS 
R R R X 






X 


X 


X 


X 


INDEX REGISTER 

ADDRESS 
R R R R 


MIDDLE ADDRESS LOWER ADDRESS 
A2 A2 A2 Aj A, Ai A, A, 








OR 


















X 


X 


X 


X 1 °^^^ 

1 D D D D 






X 


X 


X 


X 


INDEX REGISTER PAIR 

ADDRESS 

R R R X 


UPPER DATA 1 LOWER DATA 
D2 D2 D2 D2 1 D^ D^ Di D^ 



























Table i. Machine Instruction Format. 



B. Input/Output and RAM Instructions and Accumulator Group Instructions 

In these instructions (which are all single word) the OPR contains a 4-bit code which identifies 
either the I/O instruction or the accumulator group instruction and the OPA contains a 4-bit 
code which identifies the operation to be performed. Table II illustrates the contents of each 
4-bit field. 



INPUT/OUTPUT & 
RAM INSTRUCTIONS 



ACCUMULATOR GROUP 
INSTRUCTIONS 



D3 


D2 


Di 


Do 


D3 


D2 


Di 


Do 


X 


X 


X 


X 


X 


X 


X 


X 




OPR 




OPA 




1 


1 


1 


X 


X 


X 


X 




1 


1 


1 


■ - 


X 


X 


X 



WHERE X = EITHER A "0" OR A "1". 



Table II. I/O and Accumulator Group Instruction Formats. 
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4040 Instruction Set 

Summary of Processor Instructions 
*Two Cycle Instructions 



4040 



Description 



Instruction Code 

OPR OPA 

D3 D2 D^ Do D3 D2 Di Do 



InstructioQ Code 



Description 



OPR 
D, Di 



OPA 
D, Di 



MACHINE GROUP 



NOP No Operation 

HLT Halt 

BBS Branch Back and SRC 

LCR Command Register to Accumulator 

0R4 Logical OR, Index Register 4 and 

Accumulator 
0R5 Logical OR, Index Register 5 and 

Accumulator 
AN6 Logical AND, Index Register 6 and 

Accumulator 
AN7 Logical AND, Index Register 7 and 

Accumulator 
DBO Designate ROM Bank 

DB1 Designate ROM Bank 1 

SBO Select Index Register Bank 

SB1 Select Index Register Bank 1 

EIN Enable Interrupt 

DIN Disable Interrupt 

RPM Read Program Memory, 

Half-Byte per Instruction 
*JCN Jump Conditional to Address 

A2A2A2A2A1A1A5A1 

Condition Code, C1C2C3C4 
*FIM Fetch Immediate, ROM Data D2D1 

to Index Register Pair RRR 
SRC Send Register Control 

FIN Fetch Indirect, Data from ROM to 

Index Register Pair RRR 
JIN Jump Indirect to Address in Register 

Pair RRR 
*JUN Jump Unconditional to Address 

A3A2A1 
*JMS Jump to Subroutine at Address 

A3A2A1 
INC Increment Register RRRR 

*ISZ Increment Register RRRR. Go to 

Address A2A1 if result is not zero, 

otherwise go to next instruction 
ADD Add Register RRRR to Accumulator 

with Carry 
SUB Subtract Register RRRR from 

Accumulator with Borrow 
LD Load Contents of Register RRRR to 

Accumulator 
XCH Exchange Contents of Register 

RRRR and Accumulator 
BBL Branch Back and Load Data DDDD 

to Accumulator 
LDM Load Data DDDD to Accumulator 





1 

10 

11 

10 



1 



1 


































1 
















1 
















1 1 













1 
















1 


1 













1 


1 








1 


Ci 


C2 


C3 C4 


A2 A2 


A2 


A2 


Ai 


Ai 


Ai Ai 





1 





R 


R 


R 


02 02 


02 


02 


Di 


Di 


Di Di 





1 





R 


R 


R 1 





1 


1 


R 


R 


R 





1 


1 


R 


R 


R 1 


1 








A3 


A3 


A3 A3 


A2 A2 


A2 


A2 


Ai 


Ai 


Ai Ai 


1 





1 


A3 


A3 


A3 A3 


A2 A2 


A2 


A2 


Ai 


Ai 


Ai Ai 


1 


1 





R 


R 


R R 


1 


1 


1 


R 


R 


R R 


A2 A2 


A2 


A2 


Ai 


Ai 


Ai Ai 


1 








R 


R 


R R 


1 





1 


R 


R 


R R 


1 


1 





R 


R 


R R 


1 


1 


1 


R 


R 


R R 


1 1 

















1 1 





1 








D 



I/O and RAM GROUP 

WRM Accumulator to Selected RAM Main 1 

Memory Character 
WMP Accumulator to Selected RAM 1 

Output Port 
WRR Accumulator to Selected ROM 1 

Output Port 
WPM Accumulator to Selected Half-Byte 1 

in Read/Write Program Memory 
WRO Accumulator to Selected RAM 1 

Status Character 
WR1 Accumulator to Selected RAM 1 

Status Character 1 
WR2 Accumulator to Selected RAM 1 

Status Character 2 
WR3 Accumulator to Selected RAM 1 

Status Character 3 
SBM Subtract Selected RAM Main 1 

Memory Character from 

Accumulator with Borrow 
RDM Selected RAM Main Memory 1 

Character to Accumulator 
RDR Selected ROM input Port 1 

to Accumulator 
ADM Add Selected RAM Main Memory 1 

Character to Accumulator with Carry 
RDO Selected RAM Status Character 1 

to Accumulator 
RD1 Selected RAM Status Character 1 1 

to Accumulator 
RD2 Selected RAM Status Character 2 1 

to Accumulator 
RD3 Selected RAM Status Character 3 1 

to Accumulator 

ACCUMULATOR GROUP 



CLB 


Clear Accumulator and Carry 


CLC 


Clear Carry 


lAC 


Increment Accumulator 


CMC 


Complement Carry 


CMA 


Complement Accumulator 


RAL 


Rotate Left, Accumulator and Carry 


RAR 


Rotate Right, Accumulator and Carry 


TCC 


Transmit Carry to Accumulator, 




Clear Carry 


DAC 


Decrement Accumulator 


TCS 


Transfer Carry Subtract and 




Clear Carry 


STC 


Set Carry 


DAA 


Decimal Adjust Accumulator 


KBP 


Keyboard Process 


DCL 


Designal Command Line 



NOTES: 

'1 ) The condition code is assigned as follows: 
C-| = 1 Invert jump condition 
C-| = Not invert jump condition 
C2 = 1 Jump if accumulator is zero 
C3 = 1 Jump if carry/link is a 1 
€4 = 1 Jump if test signal is a 
^2) RRR is the address of 1 of 8 index register pairs in the 

CPU. 
<3) RRRR is the address of 1 of 16 index registers in the 

CPU. 
'^' Each RAM chip has 4 registers, each with twenty 4-bit 
characters subdivided into 16 main memory characters 
and 4 status characters. Chip number, RAM register 
and main memory character are addressed by an SRC 
instruction. For the selected chip and register, how- 
ever, status character locations are selected by the 
instruction code (OPA). 



1 











1 










1 





1 




1 





1 




1 


1 







1 


1 







1 


1 


1 




1 


1 


1 




1 1 










1 1 










1 1 





1 




1 1 





1 




1 1 


1 







1 1 


1 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -55°C to + 125°C 

Input Voltages and Supply Voltage 

with respect to Vss +0.5V to -20V 

Power Dissipation 1.0 Watt 



'COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



D.C. and Operating Characteristics 

Ta = 0°C to 70° C; Vss -Vdd = 15V ±5%; t0pw = t0Dl = 400 nsec; t0D2 = 150 nsec; 4040 Vddi = Vdd2 = Vqd; Logic "0" is 
defined as the more positive voltage (Vm, Vqh); Logic "1" is defined as the more negative voltage (V|l, Vql): Unless Other- 
wise specified. 



SUPPLY CURRENT 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


ISB 


Standby Supply Current (Vpoi + Vdd2) 




3 


5 


mA 


Ta=25°C,Vdd=Vss 


'dd 
(total) 


Supply Current (Vdd + Vddi + Vdd2) 




40 


60 


mA 


Ta = 25°C 


INPUT CHARACTERISTICS 


Ili 


Input Leakage Current 


10 


MA 


ViL = Vdd 


V|H 


Input High Voltage (Except Clocks) 


Vss-1.5 




Vss+.S 


V 




V|L 


Input Low Voltage (Except Clocks) 


Vdd 




Vss-5.5 


V 




ViLO 


Input Low Voltage 


Vdd 




Vss-4.2 


V 


4040 TEST and 
INT Inputs 


VlHC 


Input High Voltage Clocks 


Vss-1.5 




vss+.a 


V 




ViLC 


Input Low Voltage Clocks 


Vdd 




Vss-13.4 


V 




OUTPUT CHARACTERISTICS 


Ilo 


Data Bus Output Leakage Current 


10 


ma 


VouT=-12V 


VOH 


Output High Voltage 


VSS-.5V 


Vss 




V 


Capacitive Load 


lOL 


Data Lines Sinking Current 


8 


15 




mA 


VoUT=Vss 


Iql 


CM-ROM Sinking Current 


6.5 


12 




mA 


V0UT=Vss 


lOL 


CM-RAM Sinking Current 


2.5 


6 




mA 


VouT=Vss 


Vol 


Output Low Voltage, Data Bus, CM, SYNC 


Vss-12 




Vss-6.5 


V 


loL=0-5mA 


ROH 


Output Resistance, Data Line ''0" Level 




150 


250 


n 


VoUT=Vss-.5V 


Rqh 


CM-ROM Output Resistance, Data Line "0" Level 




320 


600 


n 


VoUT=Vss-.5V 


Rqh 


CM-RAM Output Resistance, Data Line "0" Level 




1.1 


1.8 


ka 


VoUT=Vss-.5V 


Rqh 


INTA, CY, STPA Output Resistance "0" Level 




1.1 


1.8 


kfi 


VouT=Vss-.5V 


CAPACITANCE 


C^ 


Clock Capacitance 




17 


25 


PF 


V|N=Vss 


Cdb 


Data Bus Capacitance 




7 


10 


PF 


V|N=VSS 


C|N 


Input Capacitance 


10 


pF 


V|N=Vss 


CoUT 


Output Capacitance 


10 


pF 


V|N=Vss 



7-8 



Typical D.C. Characteristics 



4040 



4040 JDD VS. TEMPERATURE 



\, 






1 


"^DD2 






\, 












X. 


N 


X 

V 


V,^ 










^ 


\ 


^V 














^ 




- 














^ 



T^rc) 



A.C. Characteristics Ta =o°c to 7o°c, Vss -Vdd = i5v ±5% 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Conditions 


tCY 


Clock Period 


1.35 




2.0 


jusec 




t0R 


Clock Rise Time 


50 


ns 




t0F 


Clock Fall Times 


50 


ns 




t0PW 


Clock Width 


380 




480 


ns 




t0D1 


Clock Delay 0i to 02 


400 




550 


ns 




t0D2 


Clock Delay 02 to 0i 


150 


ns 




tw 


Data-in, CM, SYNC Write Time 


350 


100 




ns 




tWRPM 


Data-in Write Time-RPM Instruction 


350 


100 




ns 




tHH.3] 


Data-in, CM, SYNC Hold Time 


40 


20 




ns 




tHRPM 


Data-in Hold Time-RPM Instruction 


40 


20 




ns 




tH[3] 


Data Bus Hold Time During 
X2-X3 Transition. 


150 


ns 




tos^^l 


Set Time (Reference) 





ns 






Data-Out Access Time 

Data Lines 

Data Lines 

SYNC 

CM-ROM 

CM-RAM 
Data-Out Hold Time 


50 


150 


930 
700 
930 
930 
930 


ns 
ns 
ns 
ns 
ns 
ns 


COUT = 

500pF Data Lines 

200pF Data Lines [41 

500pF SYNC 

leOpF CM-ROM 

50pF CM-RAM 

CouT=20pF 


^DEL 


CY, STPACK, INTACK Delay 


2.0 


Msec 





i 



NOTES: 1. t|-| measured with t^p = lOnsec. 

2. V\CC 's Data Bus, SYNC and CM-line output access time referred to the 02 trailing edge which clocks these lines out. 
tQS 's the same output access time referred to the leading edge of the next 02 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to the 4040 at X2 always enter a float state until the 4040 
takes over the data bus at Xr^ time. Therefore the tH requirement is always insured since each component contributes lO/uA 
of leakage current and 1 0pF of capacitance which guarantees that the data bus cannot change faster than 1 V/jus. 

4- CdaTA bus = 200pF if 4008 and 4009 or 4289 is used. 

5. The 4040 accumulator is gated out at Xi time at 0i leading edge, and the t^cc 's 930 nsec + t0D2- 
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CM-RAM, ROM 



u 



CPU 
ENABLED 



u 



•^ 



CPU 
ENABLED 



CPU 
ENABLED 



u 



i_r 



ROM 
ENABLED 



IF SECOND 

/ 



CYCLE OF 2 CYCLE INSTRUCTION 



ACKNOWLEDGE NEXT INSTRUCTION 



ACC 

ROM CPU 

ENABLED ENABLED 



IFIOR 
PORT/RAM 
ELSE CPU 
ENABLED 



L_r 



U" 



CPU 
ENABLED 



U 



L 



.r 



-t-r^ 



I III 

- ACKNOWLEDGE AFTER 1 MORE INSTRUCTION 



xz 



VIA HALT "^ \ 



f^VIA 
^STOP 



— •] \*— ^DEL 

)CZ 



Figure 1. Timing Diagram. 



i 



J 



DATA BUS, CM 
(INPUTS) 



DATA BUS, CM 
(OUTPUTS) 



f 



i 



(REFERENCE)- 



DATA BUS 
INPUT 



^lG 



X 



3&- 



- 10% 

- 90% 



--1V 
--5V 



^OH h — 



T^ 



Figure 2. Timing Detail. 
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4004 

SINGLE CHIP 4-BIT 
P-CHANNEL MICROPROCESSOR 



4-Bit Parallel CPU With 46 
Instructions 

Instruction Set Includes 
Conditional Branching, 
Jump to Subroutine and 
Indirect Fetching 

Binary and Decimal 
Arithmetic Modes 

10.8 Microsecond 
Instruction Cycle 



CPU Directly Compatible 
With MCS-40 ROMs and 
RAMs 

Easy Expansion — One CPU 
can Directly Drive up to 
32,768 Bits of ROM and up 
to 5120 Bits of RAM 

Standard Operating 
Temperature Range of 
0° to70°C 

Also Available With -40^ 
to +85'' C Operating Range 



The Intel® 4004 Is a complete 4-bit parallel central processing unit (CPU). The 4004 easily interfaces with keyboards, 
switches, displays, A-D converters, printers and other peripheral equipment. 

The CPU can directly address 4K 8-bit instruction words of program memory and 5120 bits of data storage RAM. Sixteen 
index registers are provided for temporary data storage. Up to 16 4-bit input ports and 16 4-bit output ports may also be 
directly addressed. 

The 4004 is fabricated with P-channel silicon gate MOS technology. 



Dq-d, bidirectional 

DATA BUS 



JL 



DATA BUS 
BUFFER 



(4 BIT) 
INTERNAL DATA BUS 



T 



(4 BIT) 
INTERNAL DATA BUS 



INSTRUCTION I 
REGISTER (B)| 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 




STACK 
MULTIPLEXER | 



PROGRAM COUNTER 



LEVEL NO. 2 



LEVEL NO. 3 



ADDRESS 
STACK 



register! 

MPX I 



SCRATCH 
PAD 



SYNC (^1 02 RESET 
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Pin Description 





^DoC 




16 


^ CM-RAMo~ 




DATA 
BUS- 
I/O 


D2II 




15 
14 


^CM-RAMi 
13 CM-RAM2 


MEMORY 

-CONTROL 

OUTPUT 




D3C 




13 


ID CM-RAM3 




VssC 




12 


HVdd 




clock! JL — 
PHASE iJ-^lCI 




11 


I] CM-ROM - 


MEMORY 
CONTROL 
OUTPUTS 


CLOCK .0_p- 
PHASE2 j^^L 




10 


I] TEST 




SYNC -1 p. 
OUTPUT J ^^^^ L_ 




9 


m RESET 

















D0-D3 

BIDIRECTIONAL DATA BUS. All address and data 
communication between the processor and the RAM 
and ROM chips occurs on these 4 lines. 

RESET 

RESET input. A logic "^" level at this input clears 
all flags and status registers and forces the program 
counter, to zero. To completely clear all address 
and index registers, RESET must be applied for 64 
clock cycles (8 machine cycles). 

TEST 

TEST input. The logical state of this signal may be 
tested with the JCN instruction. 

SYNC 

SYNC output. Synchronization signal generated by 
the processor and set to the ROM and RAM chips. 
It indicates the beginning of an instruction cycle. 



CM-ROM 

CM-ROM output. This Is the ROM selection signal 
sent out by the processor when data is required 
from program memory. 

CM-RAMo - CM-RAM3 

CM-RAM outputs. These are the bank selection sig- 
nals for the 4002 RAM chips in the system. 

01 . 02 

Two phase clock inputs. 

Vss 

Most positive voltage. 

Vdd 

Vss -15 ±5% main supply voltage. 
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Instruction Set Format 

A. Machine Instructions 

• 1 word instruction — 8-bits requiring 8 clock periods (instruction cycle). 

• 2 word instruction — 16-bits requiring 16 clock periods (2 instruction cycles). 

Each instruction is divided into two four-bit fields. The upper 4-bits is the OPR field containing the 
operation code. The lower 4-bits is the OPA field containing the modifier. For two word instructions, 
the second word contains address information or data. 

The upper 4-bits (OPR) will always be fetched before the lower 4-bits (OPA) during Mi and M2 
times respectively. 





ONE WORD INSTRUCTIONS 








D3 


TWO WORE 

lit INSTRUCTION CYCLE 
D2 D, Do D3 D2 D, Do 


)INST 

OR 
OR 
OR 


RUCTIONS 

2nd INSTRUCTION CYCLE 
D3 D2 D^ Dq D3 D2 &| Dq 










X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 1 X 


X 


X 


X 






D3 Dj D, 


Do D3 D2 D, Do 








OPR 




OPA 


OPR OPA 






X 


X 


X 


X 


X 


X 


X 


X 










OP CODE 




MODIFIER 


OP CODE 


MODIFIER 






OPR 


OPA 






















OP CODE 


MODIFIER 






X 


X 


X 


X 


UPPER ADDRESS 
A3 A3 A3 A3 


MIDDLE ADDRESS LOWER ADDRESS 
A2 A2 A2 A2 A, A, A, A, 




























X 


X 


X 


X 


INDEX REGISTER 

ADDRESS 
R R R R 






X 


X 


X 


X 


CONDITION 
C, C2 C3 C4 


MIDDLE ADDRESS 
A2 A2 Aj Aj 


LOWER ADDRESS 
A, A, A, A, 








OR 




















X 


X 


X 


1 INDEX REGISTER PAIR 
X 1 ADDRESS 

1 R R R X 






X 


X 


X 


X 


INDEX REGISTER 

ADDRESS 
R R R R 


MIDDLE ADDRESS 
A2 A2 Aj Aj 


LOWER ADDRESS 
Ai A, A, A, 








OR 




















X 


X 


X 


X 


DATA 
D D " D D 






X 


X 


X 


X 


INDEX REGISTER PAIR 

ADDRESS 

R R R X 


UPPER DATA 1 LOWER DATA 
D2 D2 D2 Dj 1 D, Di D, D, 





















Table t. Machine Instruction Format 



B. Input/Output and RAM Instructions and Accumulator Group Instructions 



In these instructions (which are all single word) the OPR contains a 4-bit code which identifies either 
the I/O instruction or the accumulator group instruction and the OPA contains a 4-bit code which 
identifies the operation to be performed. Table II illustrates the contents of each 4-bit field. 



INPUT/OUTPUT & 
RAM INSTRUCTIONS 



ACCUMULATOR GROUP 
INSTRUCTIONS 



D3 


D2 


Di 


Do 


D3 


D2 


Di 


Do 


X 


X 


X 


X 


X 


X 


X 


X 




OPR 






OPA 




1 


1 


1 





X 


X 


X 


X 








1 


1 




' ' 


X 


X 


X 



WHERE X = EITHER A "0" OR A "1" 



Table II. I/O and Accumulator Group Instruction Formats 
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4004 Instruction Set 



[Those instructions preceded by an asterisk!*) are 2 word instructions that occupy 2 Successive locations in ROM] 
MACHINE INSTRUCTIONS (Logic 1 = Low Voltage = Negative Voltage (Vdd); LogicO= High Voltage= (Vss) 



INPUT/OUTPUT AND RAM INSTRUCTIONS for the following devices: 4001, 4002, 4008, 4009, and 4289* 

(The RAM's and ROM's operated on in the I/O and RAM instructions have been previously selected by the last SRC instruction executed.) 



MNEMONIC 


OPR 
03 02 D, Do 


OPA 
DgDjDiDt, 


DESCRIPTION OF OPERATION 


NOP 








No operation. 


*JCN 


1 

A2A2A2A2 


C1C2C3C4 

AlA,A,Ai 


Jump to ROM address A2 A2 A2 A2, Ai A, A^ Ai (within the same 
ROM that contains this JCN instruction) if condition C^ C2 C3 04'^' 
is true, otherwise skip (go to the next instruction in sequence). 


•FIM 


10 

D2 D2 D2 D2 


R R R 
D, D, D, D, 


Fetch immediate (direct) from ROM Data D2, Dy to index register pair 
location RRR.(2) 


SRC 


10 


R R R 1 


Send register control. Send the address (contents of index register pair RRR) 
to ROM and RAM at X2 and X3 time in the Instruction Cycle. 


FIN 


11 


R R R 


Fetch indirect from ROM. Send contents of index register pair location 
out as an address. Data fetched is placed into register pair location RRR. 


JIN 


11 


R R R 1 


Jump indirect. Send contents of register pair RRR out as an address 
at Ai and A2 time in the Instruction Cycle. 


•JUN 


10 

A2 A2 A2 A2 


A3 A3 A3 A3 
A^ A^ A, A, 


Jump unconditional to ROM address A3, A2, Ai. 


•JMS 


10 1 

A2 A2 A2 A2 


A?A?A^A^ 


Jump to subroutine ROM address A3, A2, A^, save old address. (Up 1 level 
in stack.) 


INC 


110 


R R R R 


Increment contents of register RRRR. '3' 


*ISZ 


111 

A2A2A2A2 


R R R R 
A, A, A, A, 


Increment contents of register RRRR. Go to ROM address A2, Ai 
(within the same ROM that contains this ISZ instruction) if result ^0, 
otherwise skip (go to the next instruction in sequence). 


ADD 


10 


R R R R 


Add contents of register RRRR to accumulator with carry. 


SUB 


10 1 


R R R R 


Subtract contents of register RRRR to accumulator with borrow. 


LD 


10 10 


R R R R 


Load contents of register RRRR to accumulator. 


XCH 


10 11 


R R R R 


Exchange contents of index register RRRR and accumulator. 


BBL 


110 


D D D D 


Branch back (down 1 level in stack) and load data DDDD to accumulator. 


LDM 


110 1 


D D D D 


Load data DDDD to accumulator. 



MNEMONIC 


OPR 
D3D2D1D0 


OPA 
D3D2D,CH, 


DESCRIPTION OF OPERATION 


WRM 


1110 





Write the contents of the accumulator into the previously selected 
RAM main memory character. 


WMP 


1 1 1 - 


1 


RAM output port. 


WRR 


1110 


10 


Write the contents of the accumulator into the previously selected 
ROM output port. (I/O Lines) 


WRM 


1110 


11 


Write the contents of the accumulator into the previously selected 

half byte of read/write program memory (for use with 4008/4009 or 4289) 


WR0<4' 


1110 


10 


Write the contents of the accumulator into the previously selected 
RAM status character 0. 


WR1<4> 


1110 


10 1 


Write the contents of the accumulator into the previously selected 
RAM status character 1. 


WR2'^> 


1110 


110 


Write the contents of the accumulator into the previously selected 
RAM status character 2. 


WR3f4) 


1110 


111 


Write the contents of the accumulator into the previously selected 
RAM status character 3. 


SBM 


1110 


10 


Subtract the previously selected RAM main memory character from 
accumulator with borrow. 


RDM 


1110 


10 1 


Read the previously selected RAM main memory character 
into the accumulator. 


RDR 


1110 


10 10 


Read the contents of the previously selected ROM input port 
into the accumulator. (I/O Lines) 


ADM 


1110 


10 11 


Add the previously selected RAM main memory character to 
accumulator with carry. 


RD0<4' 


1110 


110 


Read the previously selected RAM status character into accumulator. 


RDl'4' 


1110 


110 1 


Read the previously selected RAM status character 1 into accumulator. 


RD2<4' 


1110 


1110 


Read the previously selected RAM status character 2 into accumulator. 


RD3"»' 


1110 


1111 


Read the previously selected RAM status character 3 into accumulator. 



•For explanation of 4265 and 4269 I/O instructions, see the 4265 and 4269 data sheets. 



: " 'The condition code is assigned as follows: 

Ci = 1 Invert jump condition C2 = 1 Jump if accumulator is z 

C-, = Not invert jump condition ^ " ^ Jump if carry/link is a 1 

'2'rRR is the address of 1 of 8 index register pairs in the CPU. 
'•"rRRR is the address of 1 of 16 index registers in the CPU. 
(^'Each RAM chip has 4 registers, each with twenty 4-bit characters subdivided in 
Chip number, RAM register and main memory character are addressed by an SRC 
status character locations are selected by the instruction code (OPA). 



Jump if test signal i 



memory characters and 4 status characters. 
For the selected chip and register, however. 



ACCUMULATOR GROUP INSTRUCTIONS 




CLB 







Clear both. (Accumulator and carry) 


CLC 




1 


Clear carry. 


lAC 


1111 


10 


Increment accumulator. 


CMC 




11 




CMA 




10 


Complement accumulator. 


RAL 




10 1 


Rotate left. (Accumulator and carry) 


RAR 




110 


Rotate right. (Accumulator and carry) 


TCC 




111 


Transmit carry to accumulator and clear carry. 


DAC 




10 


Decrement accumulator. 


TCS 




10 1 


Transfer carry subtract and clear carry. 


STC 




10 10 


Set carry. 


DAA 




10 11 


Decimal adjust accumulator. 


KBP 




110 


Keyboard process. Converts the contents of the accumulator from a 
one out of four code to a binary code. 


DCL 




110 1 


Designate command line. 



4004 



Absolute Maximum Ratings'' 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -55°C to + 125°C 

Input Voltages and Supply Voltage 

with respect to Vss +0.5V to -20V 

Power Dissipation 1.0 Watt 



'COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C; Vss -Vdd = 15V ± 5%; t^pw = t(iDl = 400 nsec; logic "0" is defined as the more positive voltage 
(V|H» Vqh); logic "1" is defined as the more negative voltage (V|l, Vql); Unless Otherwise Specified. 

SUPPLY CURRENT 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


'dd 


Average Supply Current 




30 


40 


mA 


Ta=25°C 


INPUT CHARACTERISTICS 


Ili 


Input Leakage Current 


10 


/iA 


V|l=Vdd 


V|H 


Input High Voltage (Except Clocks) 


Vss-1.5 




VSS+.3 


V 




V|L 


Input Low Voltage (Except Clocks) 


Vdd 




Vss-5.5 


V 




V|LO 


Input Low Voltage 


Vdd 




Vss-4.2 


V 


4004 TEST Input 


VlHC 


Input High Voltage Clocks 


Vss-1.5 




VSS+.3 


V 




ViLC 


Input Low Voltage Clocks 


Vdd 




Vss-13.4 


V 




OUTPUT CHARACTERISTICS 


Ilo 


Data Bus Output Leakage Current 


10 


MA 


VouT=-12V 


VOH 


Output High Voltage 


VSS-.5V 


Vss 




V 


Capacitance Load 


!0L 


Data Lines Sinking Current 


8 


15 




mA 


VouT=Vss 


lOL 


CM-ROM Sinking Current 


6.5 


12 




mA 


VouT=Vss 


lOL 


CM-RAM Sinking Current 


2.5 


6 




mA 


VoUT~Vss 


Vol 


Output Low Voltage, Data Bus, CM, SYNC 


Vss-12 




Vss-6.5 


V 


loL=0.5mA 


ROH 


Output Resistance, Data Line "0" Level 




150 


250 


fi 


VoUT=Vss--5V 


ROH 


CM-ROM Output Resistance, Data Line "0" Level 




320 


600 


n 


V0UT=Vss-.5V 


RoH 


CM-RAM Output Resistance, Data Line "0" Level 




1.1 


1.8 


kn 


VouT=Vss--5V 


CAPACITANCE 


C^ 


Clock Capacitance 




14 


20 


PF 


V|N=Vss 


Cdb 


Data Bus Capacitance 




7 


10 


pF 


V|N=Vss 


C|N 


Input Capacitance 


10 


pF 


V|N=Vss 


CoUT 


Output Capacitance 


10 


pF 

J 


V|N=Vss 
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4004 



Typical D.C. Characteristics 



POWER SUPPLY CURRENT 
VS. TEMPERATURE 



I 

1 






VD2 = 150 


1 = 400 nsec 
nsec 


h- 

2 
III 

>- 
-i 

w 




1 

"^^^Vdd = -15.75V 
"""^^ -15 0V 






"^^^^...-l 4.25 V 


^ 






■ 




^ 



20 40 60 

AMBIENT TEMPERATURE (°C) 



A.C. Characteristics 

Ta=0°C to 70° C, Vss-Vdd = 15V ±5% 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


tcY 


Clock Period 


1.35 




2.0 


Atsec 




t</)R 


Clock Rise Time 






50 


ns 




t0F 


Clock Fall Times 






50 


ns 




t0PW 


Clock Width 


380 




480 


ns 




t0D1 


Clock Delay 0i to 02 


400 




550 


ns 




t0D2 


Clock Delay 02 to 0i 


150 






ns 




tw 


Data-in, CM, SYNC Write Time 


350 


100 




ns 




tHf1'3J 


Data-in, CM, SYNC Hold Time 


40 


20 




ns 




tH[3] 


Data Bus Hold Time During M2-X1 and 
and X2-X3 Transition. 


150 






ns 




tosf2] 


Set Time (Reference) 





ns 




tACC 


Data-Out Access Time 










COUT = 




Data Lines 






930 


ns 


500pF Data Lines 




Data Lines 






700 


ns 


200pF Data Linest^l 




SYNC 






930 


ns 


500pFSYNC 




CM-ROM 






930 


ns 


160pF CM-ROM 




CM-RAM 






930 


ns 


50pF CM-RAM 


tOH 


Data-Out Hold Time 


50 


150 




ns 


CouT=20pF 



Notes: l.t^ measured with t^p = lOnsec. 

2. T/\cc is Data Bus, SYNC and CM-line output access time referred to the 02 trailing edge which clocks these lines out. tQS 's the 
same output access time referred to the leading edge of the next 02 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to the 4004 at M2 and X2 always enter a float state until the 
4004 takes over the data bus at Xi and X3 time. Therefore the tH requirement is always insured since each component 
contributes lOjuA of leakage current and lOpF of capacitance which guarantees that the data bus cannot change faster than 1 V/jlis. 

4- CdaTA bus = 200pF if 4008 and 4009 or 4289 is used. 
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CM-RAM, ROM 





CPU 
ENABLED 


CPU 
ENABLED 


CPU 
ENABLED 


ROM 
ENABLED 


ROM 
ENABLED 


OPA (4004) 
AC (4040) 

CPU 
ENABLED 


IFIOR 
PORT/RAM 
ELSE CPU 
ENABLED 


CPU 
ENABLED 




u 


U 




u 




1 




1 




u 






U 




u 




U 




L 
























-10% 


- 


-90% 90% 


— 


-10% 






1 
















1 


1 






















1 




]^ IF I/O 


1 
_J 


I IF SRC I 















Figure 1. Timing Diagram. 



J 



ZitKJk BUS, CM 
(INPUTS) 



DATA BUS, CM 
(OUTPUTS) 



-t0R 



/ 



10% 
90% 
t0pw 



\ 



]( 



(REFERENCE)- 



J. 



i&- 



^ 



-10% 
-90% 



--1V 
--5V 



Figure 2. Timing Detail. 
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int^l 4003 

10 BIT SHIFT REGISTER/OUTPUT EXPANDER 



10 Bit Serial-ln/Parallel Out 

Serial-Out Capability for 
Additional I/O Expansion 

16 Pin Dual-ln-Line Package 



Easy Expansion of I/O Output 
Capability 

Enable Output Control 

Standard Operating Temperature 
Range of 0° to 70° C 



The 4003 is a 1 bit serial-in, parallel-out, serlai-out shift register with enable logic. The 4003 is used to expand the number of 
ROM and RAM I/O ports to communicate with peripheral devices such as keyboards, printers, displays, readers, 
teletypewriters, etc. 

The 4003 is a single phase static shift register; however, the clock pulse (OP) maximum width is limited to 10 msec. Data-in and 
OP can be Simultaneous. To avoid race conditions, OP is internally delayed. 





PIN CONFIGURATION 




CLOCKlpp r- 
ILSE INPUTJ ** L- 


1 


16 


[^E ENABLE INPUT 


DATA INQ 


2 


15 


;;] SERIAL OUT 


PARALLEL 
OUTPUTS' 


QiCI 


3 
4 


14 
13 


DVdc 

=lQ9l 


) 


VssC 


5 


12 


HQs 






02 C 


6 


11 


IIQ7 


PARALLEL 
■ OUTPUTS 


PARALLEL 
OUTPUTS' 


QaC 


7 


10 


IlQe 






kc 


8 


9 


IIQ5. 





BLOCK DIAGRAM 



POWER 
ON CLEAR 



DATA 

°1n 



t^ 



CPd 



ti \ \ \ tIy t 



BINARY 
COUNTER 



{ENABLE)J^X^ 



i I I i I I 
10 BIT SHIFT REGISTER" 
(STATIC CELL) I I 



! I i I I 

10 BIT PARALLEL 
OUTPUT BUFFER 



ITTTT 



1 



SERIAL 
OUT 



Qo Qi Q2 Q3 Q4 Q5 Qe Q? Qs Q9 
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4003 



Pin Description 

Pin No. Designation 



Description of Function 



CP 

DATA IN 
Oo 



4 


Oi 


6 


02 


7 


O3 


8 


O4 


9 


O5 


10 


06 


11 


O7 


12 


08 


13 


O9 


5 


Vss 


14 


Vdd 


15 


Serial out 


16 


E 



The clock pulse input. A "0" 
(Vss) to "1" (Vdd) transition 
will shift data in. 

Serial data input line. 

Parallel data output lines, when 
enabled. Each pin may be made 
TTL compatible with a 5.6K 
pull-down resistor to Vdd- 



Most positive supply voltage. 

Main supply voltage value must 
be Vss - 15.0V ± 5% (-lOv 
for TTL operation) 

Serial data output. 

Enable, when E = "1" (Vdd) 
the output lines contain valid 
data. When E = "0" (Vss) the 
output lines are at Vss- 



Functional Description 

The 4003 is designed to be typically appended to an 
MCS-40 I/O port. This can be the I/O port of a 4001, 4002, 
4289, 4308, or a 4265. One I/O line is assigned to be the 
Enable (E), another the Clock (CP), and still another the 
Serial Data-Input. For example, to access the 4003 a sub- 
routine of sequential outputs consisting of Data, clock pulse 
on, Enable — followed by an output of clock pulse off and 
Enable, will serially load the 4003. 

Data is loaded serially and is available in parallel on 10 
output lines which are accessed through enable logic. When 
enabled (E = 1 -Vdd)* the shift register contents are read out; 
when not enabled (E = 0- Vss)f the parallel-out lines are at 
Logic "0" (Vss)- The serial-out line is not affected by the en- 
able logic to allow longer word cascading. 

Data is also available serially permitting an indefinite 
number of similar devices to be cascaded together to provide 
shift register length multiples of 10. 

The data shifting is controlled by the CP signal. An inter- 
nal power-on-clear circuit will clear the shift register 
(outputs = or Vss) between the application of the supply 
voltage and the first CP signal. 

The 4003 output buffers are useful for multiple key 
depression rejection when a 4003 is used in conjunction with 
a keyboard. In this mode if up to three output lines are 
connected together, the state of the output is high (Logic 
"0" or Vss) if at least one line is high. 

Another typical application of the 4003 is for Keyboard 
or Display Scanning where a single bit of Logic "1 " is shifted 
through the 4003 and is used to activate the various digits, 
keyboard rows, etc. 



Absolute Maximum Ratings^ 



Ambient Temperature Under Bias 0°C to 70° 

Storage Temperature -55°C to + 125°C 

Input Voltages and Supply Voltage 

with respect to Vss +0.5V to -20V 

Power Dissipation 1.0 Watt 



'COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 
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4003 



D.C. Characteristics 

Ta = 0°C to +70°C; Vss -Vdd = 15V ±5%; t0Pw = t0Di = 400 nsec, t0D2 = 150 nsec, unless otherwise specified. 

Logic "0" is defined as the more positive voltage (V|h, Vqh)/ Logic "^" Is defined as the more negative voltage {V|l, Vql)- 

SUPPLY CURRENT 



Symbol 


Parameter 


Limit 
MIn. Typ.fU Max. 


Unit 


Test Conditions 


'dd 


Average Supply Current 


5.0 8.5 


mA 


twL = twH = SA^sec; 
Ta = 25°C 



I/O INPUT CHARACTERISTICS 








Ili 


Input Leakage Current 


10 


MA 


ViL = Vdd 


V|H 


Input High Voltage 


Vss-1-5 Vss+.3 






V|L 


Input Low Voltage 


Vdd Vss-4.2 


V 





I/O OUTPUT CHARACTERISTICS 



lOL 


Parallel Out Pins 

Sinking Current, "1" Level 


0.6 


1.0 




mA 


VouT = OV. For TTL 
compatibility a 5.6K^ 
(±10%) resistor between 
output and Vdd should 
be added. [2] 


lOL 


Serial Out Sinking Current, " 


1" Level 


1.0 


2.0 




mA 


VouT = OV 


Vol 


Output Low Voltage 


Vss-11 


Vss-7.5 


Vss-6.5 


V 


Iol = ioma 


Ron 


Parallel-Out Pins Output 
Resistance "0" Level 




400 


750 


n 


VouT = -0.5V 


Rqh 


Serial Out Output Resistance 


'0" Level 




650 


1200 


n 


VouT = -0.5V 



Notes: 1 . Typical values are to Ta = 25° C and Nominal Supply Voltages. 

2. For TTL compatibility on the I/O lines the supply voltages should be Vdd "= "lOV ±5%; Vss "" +5V ±5%. 

CAPACITANCE 

f = 1 MHz; V|N = OV; Ta = 25°C; Unmeasured Pins Grounded. 



Symbol 


Test 


Typ. 


Max. 


Unit 


C|N 


Input Capacitance 


5 


10 


pF 



Typical D.C. Characteristics 



POWER SUPPLY CURRENT 
VS. TEMPERATURE 



OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 



Q 
Q 






^L = tWH = 8;isec 


I 6 

< 

E 

i 


















~ 


-— -~ 


^J^DD"-1! 


.75 


^*-— -...^ 










^■""•-^.^^ 


^*~-~^^^ 


^^OV 








^"^■^^ 


..^.:;14^V 


.^_ 




















3 



















1 

Vdd 


1 

= -15.0\ 


f 










tWL = 


tWH = 


iHSBC 


Vs 














^ 


^ 






-Ta = 


0°C 






V 


^ 


^ 


^+70° 


: 










^ 


^ 


V. 














v^ 


^ 



20 40 60 

AMBIENT TEMPERATURE CO 



-2 -3 -4 -5 -6 

OUTPUT VOLTAGE (V) 
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A.C. Characteristics 

Ta = 0°C to +70°C; Vdd =-15 ±5%, Vgs = GND 


Symbol 


Parameter 


Limit 
Min. Typ. Max. 


Unit 


Test Conditions 


tWL 


CP Low Width 


6 


10,000 


jLisec 




twH^ll 


CP High Width 


6 


/isec 




tCD 


Clock-On to Data-Off Time 


3 


jusec 




tDdt2l 


CP to Data Set Delay 


250 


nsec 




tdl 


CP to Data Out Delay 


250 


1750 


nsec 




td2 


Enable to Data Out Delay 


350 


nsec 


CouT = 20pF 


td3 


CP to Serial Out Delay 


200 


1250 


nsec 


CoUT = 20pF 


td4 


Enable to Data Out Delay 


1.0 


/isec 


CouT = 20pF 



Notes: 1 . t\^\^ can be any time greater than 6/Lisec. 
2. Data can occur prior to CP. 



Timing Diagram 



DATA OUT 

(O;) 



\ 



D 



i' @ -IV 

i' — 



\ 



SERIAL OUT 



\ r 



H 'd2 r* — — ♦• 'ij4 '"*■ 



i 



X 
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Intel ^^^^ 

PROGRAMMABLE GENERAL PURPOSE I/O DEVICE 



Multi-Mode 14 Operating Modes 

16 Lines of I/O Capability 

Bit Set/Reset 

Multiplexable Outputs 

Eight Bit Transfer Mode 

Interfaces to 8080 Peripherals 

Synchronous and 
Asynchronous Interface 

Strobed Buffer Inputs and Outputs 



■ TTL Interface 

■ Up to Eight 4265s Per System 

■ Interface to Standard RAMs 

■ 28 Pin Dual-ln-Line Package 

■ Standard Operating Temperature 
Range of 0° to 70° 

(-40° to +85° C Operating 
Range to be Available First 
Quarter 1976) 



The 4265 is a general purpose I/O device designed to interface with the MCS-40^'' microcomputer family. This device provides 
four software programmable 4-bit I/O ports which can be configured to allow any one of fourteen unique operating modes for 
interfacing to data memory or a variety of user peripheral devices. 

A single MCS-40 system can accomodate up to four 4265s (one per CM-RAM) without external logic or up to eight 4265s with 
one external decoder. 

The 4265 resides on the MCS-40 data bus and uses the same selection procedure as 4002 RAM device. A valid compare selects 
the 4265 for MCS-40 I/O commands. As in the case of the 4002 or any MCS-40 peripheral circuit, selection occurs only when the 
proper SRC code and the CM signal are present simultaneously. 

The 4265 provides an extremely flexible, general purpose I/O system capable of handling 4- or 8-blt Input or output data. One of 
fourteen basic operating modes can be selected (software programmable) as described below. 

Port Z is TTL compatible with any TTL device. Ports W, X, and Y are low-power TTL compatible. 



PIN CONFIGURATION 



VssE 


1 


^^ 


28 


DVdd 


OoC 


2 




27 


DWo 


DiC 


3 




26 


Dw, 


O.II 


4 




25 


Dw, 


o,C 


5 




24 


DW3 


RESET C 


6 




23 


DXo 


M-RAM [2 
SYNCC 


7 
8 


4265 


22 

21 


Hx, 
Hx. 


hC 


9 




20 


IIX3 


02 C 


10 




19 


Dvo 


23 C 


11 




18 


Dv, 


Z.C 


12 




17 


Dy, 


ZlC 


13 




16 


I1V3 


ZoC 


14 




15 


HVddi 
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Pin Description 



4265 



Pin No. Designation 



Function 



Pin No. Designation 



Function 



2-5 



D0-D3 



RESET 



9-10 



CM 



01-02 



Bi-dlrectlonal data bus. All ad- 
dress, instruction and data com- 
munication between processor 
and I/O ports are transferred 
on this port. 

A negative level (Vqd) applied 
to this pin clears all storage ele- 
ments, places the 4265 In the 
Reset Mode and deselects the 
device. 

Command input driven by a CM- 
RAM output of the processor. 
Used for decoding SRC, RDM, 
WRM,WMP,SBM, ADM, WRO-3 
and RDO-3. 

Non-overlapping clock signals 
which determine timing. 



8 


SYNC 


Synchronization signal generat- 
ed by the processor; indicates 
the beginning of an instruction, 


24-27 


W3-W0 


Four programmable I/O ports 


20-23 


X3-X0 


having different functional des- 


16-19 


Y3-Y0 


ignation depending on 4265 


11-14 


Z3-Z0 


mode of operation. A data bus 
"1" negative true (Vdd) will 
appear on a port as a "1" posi- 
tive true (Vss). These ports are 
TTL compatible. 


28 


Vdd 


Main power supply pin. Value 
must be Vss -15V ±5%. 


15 


Vddi 


Supply voltage for I/O ports. 


1 


Vss 


Most positive supply voltage 






(Vddi = OV, Vss = 5V for TTL 


28= TOTAL PINS 


I/O ports). 



4265 HARDWARE BLOCK DIAGRAM 



DOO- 
DIO- 
02 0- 
D3 0- 



DATA 
BUS 
I/O 



01O- 
^20- 



TIMING 
REGISTER 



Iz 



INSTRUCTION 
DECODER 



CMO- 
RESETO- 



II 



MODE REGISTER 



MODE DECODER 



:> 



n 
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4265 PROGRAMMABLE MODES 



OPERATING MODES 

• Mode 1 - 8-Bit Asynchronous I/O Port (Bidirec- 

tional) 

4-Bit Input Port (Unbuffered) 

• Mode 2 - 8-Bit Asynchronous I/O Port (Bidirec- 

tional) 

4-Bit Output Port 

• Mode 3 - 8-Bit Synchronous I/O Port (Bidirec- 

tional) 

4-Bit Synchronous Output Port 

• Mode 4 - Four 4-Bit Output Ports 

• Mode 5 - Three 4-Bit Output Ports 

One 4-Bit Input Port (Unbuffered) 

• Mode 6 - Two 4-Bit Output Ports 

Two 4-Bit Input. Ports (Unbuffered) 

• Mode 7 - One 4-Bit Output Port 

Three 4-Bit Input Ports (Unbuffered) 

• Mode 8 — Three 4-Bit Synchronous Output Ports 

• Mode 9 — Two 4-Bit Synchronous Output Ports 

One 4-Bit Asynchronous Input Port 



OPERATING MODES 



• Mode 10 



One 4-Bit Synchronous Output Port 
Two 4-Bit Asynchronous Input Ports 

• Mode 11 — Three 4-Bit Asynchronous Input Ports 

• Mode 12 - 8-Bit Address Port 

4-Bit Synchronous I/O Port (Bidirec- 
tional) 
2 Device Selection Control Signals 

• Models - 8-Bit Address Port 

4-Bit Asynchronous I/O Port (Bidirec- 
tional) 

CONTROL AND OPERATING MODE 

• Mode - Four 4-Bit Input Ports (Unbuffered) 

Resets I/O Buffers 
CONTROL MODES 

• Mode 14 — Disables all output buffers, allowing 

another 4265 to be multiplexed at the 
port level. 

• Mode 15 — Enables output buffers, previous mode 

restored. 
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Functional Description 

Control Functions: Two types of operations are possible 
with the 4265. The device (once selected) can be programmed 
to one of fourteen basic operating modes. This is accomp- 
lished by executing a WMP instruction which sends the 4-bit 
content of the CPU's Accumulator to the 4265 where it is 
decoded and used to logically configure the device. A second 
Control operation makes use of the WRM instruction to select 
one of eight output lines (Port Y or Z) and perform a SET or 
RESET operation on that line. This is accomplished by inter- 
preting the 4-bit Accumulator value as follows: The upper 
three bits select one of eight output latches; the least signifi- 
cant bit determines whether a SET or RESET operation is to 
be performed. 

Data Transfer Functions: The remaining eleven instruc- 
tions provide four WRITE operations (WRO, WR1, WR2, 
WR3) and seven READ operations (RDO, RD1, RD2, RD3, 
ADM, SBM, RDM). These allow data in 4-bit or 8-bit format 
to be transmitted between the 4265 and external I/O devices 
or memory devices (all transfers between processor and 4265 
are 4-bit transfers). 

The sixteen lines of the 4265 are grouped into four ports, 
four bits each referred to as W, X, Y and Z. The ports can be 
interrogated by a RDO-3 corresponding to ports W - Z re- 
spectively. This means that even when a port is designated as 
a control port or an output port, the state of the port can be 
inputted by a RDO-3 instruction (except in modes 12 and 
13). The WRO-3 instruction will load the ports W - Z desig- 
nated outputs. When a port is specifically designated as an 
input port, it will not respond to an output type instruction 
(WRO-3, WRM, etc.). See specific mode selection for details. 

When port Y or Z is designated an output, regardless of 
the mode, then it will respond to the Bit Set command. The 
Bit Set Command allows the user to set the polarity of a sin- 
gle bit without affecting any other bit. This is particularly 
useful when the output port of interest drives control lines 



tied to the user system. The user can selectively alter the bit 
polarity. To alter a bit, the MCS40 WRM command is utilized. 

The 4265 is selected via the CM-RAM line and an appro- 
priate MCS-40 SRC command. The upper two bits of data at 
X2 of an SRC instruction with the CM-RAM signal are com- 
pared with an address code internal to the 4265. One stand- 
ard code is available, a code of 2. This allows one 4265 per 
CM-RAM or up to four per system without additional logic. 
By using one external decoder and the ability of the DCL 
(Designate Command Line) instruction to code the CM-RAM 
lines, up to eight 4265s can be used in a system. Other peri- 
pheral devices can share a CM-RAM line with the 4265 
(except Mode 12 and 13). For example, a CM-RAM line can 
contain three 4002 RAMs and one 4265. 

The operating modes of the 4265 are selected under pro- 
gram control by the processor. When a 4265 is designed into 
a specific application, one functional mode is selected. With 
the possible exception of RESET, ENABLE, and DISABLE, 
a functional change in mode should not be initiated by the 
software once the part is designed into a specific application. 
Since mode selection is done with software, the system's 
"power up" software routine should sequentially establish 
the mode of each 4265 prior to "main body" program initi- 
ation. The mode selection is accomplished with the accumu- 
lator operand of the WMP command. 



MODE DEFINITION AND TIMING 

Detailed Description of Operating Modes 

Table 1 provides a listing of the basic operating modes and 
the appropriate port configuration as determined by the 
Accumulator value sent to the 4265 during execution of the 
WMP instruction. A description of each mode is found in the 
following sections. 
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Table 1. Detailed Description of 4265 Operating Modes. 



Mode 


PortW 


PortX 


PortY 


PortZ 





Input port, unbuffered 


Input port, unbuffered 


Input port, unbuffered 


Input port, unbuffered 


1 


Bi-directional; Outputs 
enabled by signal ZO; 
When enabled output 
assumes value loaded 
byWRO. 


Bi-directional; Outputs 
enabled by signal ZO; 
When enabled output 
assumes value loaded 
byWRI. 


Unbuffered input port 


BitO 1 Biti ] Bit 2 1 Bit 3 

Asynchronous input | Asynchronous input i Output signal which Output signal which 

used to enable data i used to load data to ■ is normally at Vss- , is normally at Vss- 

out on Ports W.X. PortW, X input GoestoVooion GoestoVooiO" 

1 buffers. 1 execution of WR 1. 1 trailing edge of Zl 


2 


Bi-directional; Output 
enabled by signal ZO; 
When enabled output 
assumes value loaded 
byWRO. 


Bi-directional; Outputs 
enabled by signal ZO; 
When enabled output 
assumes value loaded 
byWRI. 


Buffered output port 


1 1 Returns to Vss o" 1 an^^ remains at Vddi 
1 1 trailing edge of ZO. i until execution of 
1 RD1. 


3 


Bi-directional; Outputs 
enabled during WR1 
cycle. Output 
assumes value loaded 
byWRO. 


Bi-directional; Outputs 
enabled during WR1 
cycle. Output 
assumes value loaded 
byWRl. 


Buffered output port 


Synchronous output, 1 Synchronous output. 1 Synchronous output. ! Unassigned. Line is 
Normally at Vss; 1 Normally at Vss) goes | Normally at Vss; goes ' an output and can 
goes to Vqdi during | to Vddi during RD1 1 to Vddi during WR2 ' be set with WRM. 
executionof WR 1. | instructions. 1 instructions. ' Normally at Vss 
1 I 1 after mode 3 set 


4 


Buffered output port 


Buffered output port 


Buffered output port 


Buffered output port 


5 


Unbuffered input port 


Buffered output port 


Buffered output port 


Buffered output port 


6 


Unbuffered input port 


Unbuffered input port 


Buffered output port 


Buffered output port 


7 


Unbuffered input port 


Unbuffered input port 


Unbuffered input port 


Buffered output port 


8 


Buffered output port 


Buffered output port 


Buffered output port 


Output signal nor- i Output signal nor- 1 Output signal nor- . Unassigned output, 
mally at Vss; goes mally at Vss; 9oes I mally at Vss; 9°" Normally at Vss 
to Vddi during 1 to Vddi during 1 to Vddi duf'ing ' after mode 8 set. 
WRO. 1 WR 1. WR2. 1 


9 


Buffered input port, 
loaded by signal ZO. 


Buffered output port 


Buffered output port 


Input signal used ! Output signal nor- J Output signal nor- ' Ui^assigned output, 
to load Port W 1 mally at Vss; floes mally at Vss; 9°" ' Normally at Vss 
asynchronously. ( to Vddi during ' to Vddi during 1 after mode 9 set. 
1 WR1. 1 WR2. 1 


10 


Buffered input port, 
loaded by signal ZO. 


Buffered input port, 
loaded by signal Zl. 


Buffered output port 


Input signal used 1 Input signal used I Output signal nor- j Unassigned output, 
to load PortW | load Port X i mally at Vss; goes j Normally at Vss 
asynchronously. i asynchronously. to Vddi during i after mode 10 set. 
j 1 WR2. 


11 


Buffered input port, 
loaded by signal ZO. 


Buffered input port, 
loaded by signal Zl. 


Buffered input port, 
loaded by signal Z2. 


Input signal used | Input signal used | Input signal used ! Unassigned output, 
to load PortW | to load Port X I to load PortY ' Normally at Vss 
asynchronously. | asynchronously. 1 asynchronously. j after mode 11 set. 


12 


Buffered output port, 
loaded by SRC in- 
structions-cdntains 
upper 4-bits of SRC 
data. 


Buffered output port, 
loaded by SRC in- 
structions-contains 
lower 4-bits of 
SRC data. 


Bi-directional; Outputs 
enabled at any WR 
instruction; input 
port unbuffered. 


Output signal nor- | Output signal nor- 1 Output signal ! Output signal 
mally at Vss; goes i mally at Vss; goes 1 which is loaded ' v^ich is loaded 
to Vddi during any i to Vddi during any i with address bit 1 with address bit 
WR instruction. ' RD instruction. , corresponding to j corresponding to 
1 1 WRorRD 1 WRorRD 
I 1 operation. , operation. 


13 


Buffered output port, 
loaded by SRC in- 
structions-contains 
upper 4-bits of SRC 
data. 


Buffered output port, 
loaded by SRC in- 
structions-contains 
lower 4-bits of 
SRC data. 


Bi-directional; Outputs 
enabled by signal ZO; 
Inputs loaded by 
signal Zl. 


Asynchronous | Asynchronous 1 Output signal nor- | Output signal nor- 
input used to j input used to 1 mally at Vss; goes mally at Vss; goes 
enable data out | load data to | to Vddi on 1 to Vddi on trailing 
on PortY. i Port Y input | execution of WR | edge of Zl and re- 
buffers. 1 instruction. Returns i mains at Vddi 
1 to Vss 0" trailing . until execution of 
j edge of ZO. [ RD instruction. 


14 


All outputs disabled, 
data saved. 


All outputs disabled, 
data saved. 


All outputs disabled, 
data saved. 


data saved. | data saved. { data saved. , data saved. 


15 


Previous informa- 
tion restored. 


Previous informa- 
tion restored. 


Previous informa- 
tion restored. 


Previous informa- | Previous informa- i Previous informa- i Previous informa- 
tion restored. . tion restored. tion restored. , tion restored. 
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a. Reset Mode — Mode 

WMP Operand - 0000 

Mode Description: The Reset Mode provides for a program- 
mable reset. Reset will clear all I/O buffers; however, reset 
will not clear the chip select flip-flop. Hence, the 4265 
will remain selected and enabled after a programmable re- 
set. A negative 1 level (Vdd) on the RESET pin will cause 
a response similar to the Reset Mode. The only difference 
is that the 4265 will be enabled but deselected. 

Port Description: Ports W, X, Y, and Z are unbuffered in- 
put. Hence, they can be read with RDO-3, transferring the 
state of the port lines into the accumulator. A positive "1 " 
(Vss) will appear in the accumulator as a negative true "1" 
(Vdd)- Port Y will also respond to the RDM, SBM and 
ADM instructions. 

b. 8-Bit Asynchronous I/O Mode with Input — Mode 1 

WMP Operand -0001 

Mode Description: The 8-bit I/O mode is used to transfer 
bi-directional data bytes between the MCS-40^''and the 
peripheral circuits. Four control lines (Port Z) allow an 
asynchronous information transfer. Two signals are asso- 
ciated with the input function and two with the output 
function. Port Y is defined as an unbuffered input. 



Port Description 
Port W, X 



These two ports are combined to transfer 
8-bits of I/O under asynchronous con- 
trol of Port Z. Port W will be loaded 



PortY 



PortZ 

ZO OA 



Z2 01 



with a WRO and Port X will be loaded 
with WR1. The WR1 will initiate the 
write "handshake" on Port Z. When the 
two ports are interrogated, a sequential 
RDO and RD1 will cause the lA line to 
be deactivated. 

This port is an unbuffered input, inter- 
rogated with an RD2, RDM, ADM or 
SBM instruction. 



Output acknowledge to the 4265 from 
the users logic. This signal is activated 
by the users logic (made negative) in 
response to the 01 signal. The OA signal 
will enable the 4265 output buffer onto 
Ports W and X. It should be sufficiently 
long to allow the transfer. 

Output initiate from the 4265. 
This signal will be generated when Port 
X has been loaded via a WRl. Port W 
and Port X should be loaded in the WRO- 
WR1 sequence. When the 01 signal is 
active, the external device will request 
data with the OA. The trailing edge of 
OA will cause the 4265 to remove the 
01. If no OA response is received, 01 
will be active until the next WRO, where 
it will be removed until the next WRl. 



Z-vi 


1 1 


1 r 


u u 


U U 


02 


U U 




U U L 


J 1 ( 


READ PORT 
WITH RDx 






; 1 










DATA BUS 
OUTPUT BUFFER 


FLOATING 




ENABLE IF 
RD 


FLOATING 



Figure 1. 4265 Mode Tinning. 
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zi 



Z3 



lA 



Input initiate to the 4265 from the users 
logic. The signal will be used as a strobe 
signal to latch the 8-bit contents of the 
Port W, X lines into the respective buf- 
fers. Data is transferred on the negative 
to the positive transition. This transition 
will cause the lA signal to be set. 

Output from the 4265. 
The lA signal will transition to the posi- 
tive state when an RD1 command is ex- 
ecuted. This indicates that the processor 
has interrogated Port W, X buffer. The 
processor should read the data in the se- 
quence of RDO followed by an RDl. 



c. 8-Bit Asynchronous I/O Mode with Output — Mode 2 

WMP Operand -0010 

Mode Description: Same as for Mode 1, except Port Y is a 
buffered output port. 

Port Description: Port W, X, Z; same as for Mode 1. Port 
Y: This port is a buffered output port which can be loaded 
with a WR2 instruction and can be read by an RD2, RDM, 
ADM, andSBM. 



I INST.#1 I WRq 

Vss 1 I 

\ I EXECUTED 



y 



WR, 



V 



V 



V 



IT 



i 



DATA LATCHED IN PORT W 

DATA LATCHED IN PORT X 

01 (4265 GENERATED), Zj 

OA (USER GENERATED). Zq 
W, X OUTPUTS 



X 



WR0X2-.^2 NEW DATA LATCHED 



WR1-X2-^2 



NEW DATA LATCHED 



INPUT STROBE, 

II (USER GENERATED), Z^ 

lA (4265 GENERATED), Z3 



W BUFFER TRANSFERRED 
TO b BUS 



X BUFFER TRANSFERRED 
TO D BUS 



DATA BUS OUTPUT 




DATA LOADED 



^ 



M 



RDO-X2-0J 



RD1-X2-02 



Figure 2. 4265 Modes 1 and 2 Timing. 
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d. 8-Bit Synchronous I/O Mode with Output — Mode 3 

WMP Operand -0011 

Mode Description: This mode is functionally similar to 
Modes 1 and 2 in terms of its byte transfer feature. How- 
ever, the transfer control is synchronous. Port W, X are 
buffered outputs or unbuffered inputs, depending on the 
direction of transfer. Port Z provides the synchronous 
strobe control. Port Y is a buffered output port. 



PortZ 

ZO OS 



Port Description 
Port W, X 



Port Y 



These two ports are combined to trans- 
fer bi-directional 8-bit information under 
synchronous control. Output data should 
be loaded into Ports W, X with the WRO- 
WR1 sequence. The input of informa- 
tion should be sequentially read with an 
RDO followed by an RD1. 

This port is a 4-bit output port. Infor- 
mation is valid during the output strobe 
of a WR2 command. The output strobe 
is the Z2 line of the Z port. This port 
may also be read with an RD2, RDM, 
ADMandSBM. 



Z1 IS 



Z2 YS 



Z3 



Output strobe from 4265. 
This line is valid during a WR1 com- 
mand. Information from the output buf- 
fers of Ports W and X is present at Ports 
W and X output lines only during the 
signal. 

Input strobe from 4265. 
This line is valid during an RDO com- 
mand. Information is taken off the Port 
W, X lines and is latched in the Port W, 
X buffers. The RDO will read the infor- 
mation pertaining to Port W. RD1 will 
input information pertaining to Port X. 
The ports must be read by RDO followed 
by an RD1. Data will be latched in the 
W and X Ports with the RDO. Informa- 
tion should be valid at the trailing edge 
of IS. 

Port Y strobe from the 4265. 
This line is valid during a WR2 com- 
mand. Information will be valid at the 
Port Y output buffer during this strobe. 

This line is not used. It can be bit set/ 
reset under program control. 



•~l_R~U U U U U LT" 



PORT X LOADED 



W, X OUTPUTS 
(PROVIDED BY 4265) 



U U U U U LT 



»2 \_f 



OUTPUT STROBE. Zq 



W BUFFER TRANSFERRED 
TO D BUS 



X BUFFER TRANSFERRED 
TO D BUS 



RD0-X2-<^2 



INPUT STROBE. Z, 



DATA BUS OUTPUT 



PORT Y LOADED 



OUTPUT STROBE. Zj 



OUTPUT PORT Y 



u 



X 



Figure 3. 4265 Mode 3 Timing. 
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Four Port Programmable I/O Modes — Modes 4-7 

WMP Operand -0100-01 11 

Mode Description: These modes consist of four combina- 
tions of static buffered outputs and unbuffered inputs. 
When combined with the Reset Mode, all combinations of 
inputs and outputs on four ports are possible. 

Port Description: The following five modes have static 
buffered outputs (0) or unbuffered inputs (I). 

WMP Port: W X Y Z 



0100 














0101 


1 











0110 


1 


1 








0111 


1 


1 


1 





0000 (reset mode) 


1 


1 


1 


1 



Those ports of Y and Z designated outputs are subject to 
bit set/reset capability. All output buffers may be read 
with the respective RDx (RD0-RD3). Port Y will respond 
to RDM, ADM and SBM in addition to RD2. 



z-ns 




1 r 




1 r 


u u 




U U 


*2 


I 1 




I 1 




u u 

X2-^2 


1 1 


1 1 


LOAD PORT 
WITH WRx 










u 






PORT OUTPUT 










- X 


TRUE 


















READ PORT 
WITH RDx 










1 "^'^ 1 












DATA BUS 
OUTPUT BUFFER 




FLOATING 




ENABLE IF 
RD 




FLOATING 



Figure 4. 4265 Modes 4-7 Timing. 
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Three Port Programmable I/O Mode with Synchronous 
Output and Asynchronous Input Port — Modes 8-11 

WMP Operand -1000-1011 

Mode Description: Each 4-bit port can be configured as a 
buffered input or buffered output port and each has its 
own control line for synchronizing data transfers. As an 
example, if in Mode 8, when the processor executes a WRO 
instruction, 4-bits of data are transferred to the Port W 
output buffer and subsequently to the Port W output 
lines. Output Strobe ZO serves as a data valid signal which 
can be used by external logic to latch the data. In Mode 
1 1 , Input Strobe ZO is used to latch the 4-bit data appear- 
ing on the Port W lines into the Port W Input buffer. The 
Input Strobe is user generated. 



w 


X 


Y 


ZO 


Z1 


Z2 


z: 











w 


W 


W 


X 


1 








R 


W 


w 


X 


1 


1 





R 


R 


w 


X 


1 


1 


1 


R 


R 


R 


X 



Port Description: The following five modes have syn- 
chronous outputs (0) or asynchronous inputs (1): 

WMP Port: 

1000 
1001 
1010 
1011 

Where: R = Input strobe independent of Instruction 
executed 
W = output strobe (WRO-2) from 4265 
X = not used 

Port Y will respond to RDM, SBM and ADM in the same 
way as an RD2. Z3 is unused and may be bit set/reset. All 
output buffers may also be read with the respective RDx. 
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3 3 








INPUT 
BUFFER 


ANY > 
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DATA LATCHED 












X2-02 






READ PORT 
WITH RDX 






















DATA OUTPUT 
BUFFER ENABLE 


FLOATING 






ENABLED IF 
RD 


FLOATING 
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Figure 5. 4265 Modes 8-11 Timing. 
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4-Bit I/O with 8-Bit SRC Address and 4-Bit Synchronous 
Control Port - Mode 12 

WMP Operand- 1100 

Mode Description: In this mode, the most recent 8-bit 
SRC operand is displayed on Port W and X. The 4265 
will treat all SRC instructions as being valid as long as the 
CM-RAM line for this 4265 has been selected by an appro- 
priate DCL (Designate Command Line) instruction. Ports 
W and X will change each time they receive an SRC and 
CM-RAM. The 4'bit data port (Port Y) will perform bi- 
directional synchronous I/O. The port output buffer may 
be loaded with a WRO-3 and the port input buffer will be 
read with RD0-RD3, RDM, SBM or ADM. The control 
port will provide mutually exclusive input or output strobes 
depending on the current instruction. Two of the control 
lines may be used for device selection. This mode can be 
used to interface up to 1 K of external storage (RAM-21 11, 
4101, 5101) or a multitude of external I/O devices. Once 
this mode is programmed, all SRC values will not be 
treated as 4265 selection or deselection instructions. 



Port Description 
Port W, X 



PortY 



This port will display the most recent 
SRC and will be altered with each 
SRC when selected. Otherwise, the out- 
put is static. 

This is a bi-directional data port that 
will latch data with a RD0-RD3, RDM, 
ADM, and SBM. The port will output 
data withaWR0-WR3. 



PortZ 

ZO OS 



Z1 IS 



Z2, Z3 



Output strobe from 4265. 

Active during WRO-WR 3. Data will be 

valid during this strobe. 

Input strobe from 4265. 
Active during RD0-RD3, RDM, SBM, 
and ADM. The leading edge of this strobe 
will cause the user to provide valid data 
to be latched by Port Y by the trailing 
edge of IS. 

2-bit address port used for memory or 
device selection. 

Both lines will be preset to 00 by selec- 
tion of this mode. They will retain the 
value of the previous RDx or WRx in- 
struction so that each selection can re- 
spond to RDM, SBM and ADM. If, for 
example an I/O sequence consists of an 
RD3 followed by an ADM, Z3 and Z2 
will be at 11 state by the RD3 and re- 
main in that state for the ADM com- 
mand. If the third I/O command is a 
WRO, the Z3 and Z2 will be placed to 
the 00 state. 



Effect of RDx and WRx Instructions: 
Z3 Z2 






RDO,WRO 


1 


RD1,WR1 


1 


RD2,WR2 


1 1 


RD3,WR3 


No Change 


RDM, ADM 


(Positive True 





SBM 



vss 
Vdd 



•"U U U U LT — U LT 



SRC DATA VALID 
AND LATCHED PORT W 



MEMORY EXPANSION 
ADDRESS- Z3, Z2 



WRITE TO 
PORT Y 



\J u u u u — \I 



X 



V SRC-X3-03 



XOOIFRDO.WRO 10 IF 
01 IF RD1. WR1 11 IF 



RD2,WR2 
RD3.WR3 



\I 



OUTPUT STROBE 
OS, Zo 



PORT Y OUTPUT BUFFER 
(FROM 4265) 


FLOATING 




DATA ENABLED 


FLOATING 




INPUT STROBE 
IS, Zi 


L 


RD-X2 j 














DATA BUS OUTPUT 
BUFFER 


FLOATING 


1 ENABLED 
1 IF RD 


FLOATING 





Figure 6. 4265 Mode 12 Timing. 
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h. 4-Bjt I/O Mode with 8-Bit Address Port and 4-Bit 
Asynchronous Control Port — Mode 13 

WMP Operand -1101 

Mode Description: This mode is functionally similar to 
Mode 12. Port W, X are loaded with the SRC value. Port Y 
is a bi-directional data port. Port Z is a 4-bit asynchronous 
control port similar to Mode 1 and 2. 

Port Description 

Port W, X Same as Mode 12. 



Port Y 



Bi-directional port similar to Port W and 
Port X in mode 1 . 



PortZ 
ZO 


OA* 


Output acknowledge to 4265. 


Z2 


or 


Output initiate from 4265, active during 
WRx. 


Z1 


II* 


Input initiate to 4265. 


Z3 


lA* 


Input acknowledge from 4265 active 



during RDx, RDM, ADM or SBM. 



i. Disable/Enable 

WMP Operands 1 1 10 and 1111 do not cause mode change; 
they disable or enable the 4265 GP I/O. 

WMP 11 10 -chip disable: 

a. All output buffers are disabled - I/O lines are in float- 
ing conditions. 

b. The 4265's status (mode, chip select FF, data buffers) 
is not changed. Hence: 

1. Previous buffered inputs can be read by the CPU 
from designated ports (a disabled 4265 cannot have 
its input buffers loaded). 

2. Data on unbuffered inputs can be read directly from 
external lines. 

3. Previous buffered outputs can be changed on desig- 
nated ports. 

4. Bit set/reset can be initiated. 

5. Any mode change can be initiated. 

6. The chip can be deselected by an SRC or by a 
RESET signal. 

WMP 1111 -chip enable: 

Restoration x>f normal operation, according to existing 

mode. 



•Refer to Mode 1, Port Z. Note that in mode 13, Port Z controls 
data transmission In Port Y, not Ports W and X. 



Note: When the 4265 is transferred from reset mode to 
any other mode, the chip is automatically enabled, so that 
no programmed enabling is required after reset 



Mi 



M2 



Vdd 



-"U 



SRC DATA VALID 
AND LATCHED PORT W 



— u — u 
\j — u — 



u u u u 



i 



u — u — u — u 



X 



SRC DATA VALID 
AND LATCHED PORT X 



WRITE TO 
PORTY 



01 (4265 GENERATED), Z, 

OA (USER GENERATED), Zq 

W, X OUTPUTS 



INPUT STROBE, 

II (USER GENERATED). Z^ 



lA (4265 GENERATED), Z3 

X BUFFER TRANSFERRED 
TO D BUS 

DATA BUS OUTPUT 




DATA LOADED 



Figure 7. 4265 Mode 13 Timing. 
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An unselected 4265 can have its input buffers loaded by a 
user generated strobe if it is in a buffered input mode. A dis- 
abled 4265 cannot have its input buffers loaded. Execution 
of a RDx instruction will result in transfer of the contents 
of the appropriate input or output buffer for a previously 
buffered port regardless of whether the 4265 is enabled. If 
the input was previously unbuffered and the 4265 is dis- 
abled, the contents of the port I/O lines will be transferred to 
the CPU with an RDx. DISABLE and ENABLE do not cause 
a change from a previously designated mode. 

4265 States After Reset and Mode Change 

A reset 4265 is automatically enabled and is in Mode 0. If 
reset occurs by means of external RESET signal, the 4265 
will also be deselected. Any mode change which changes Port 
Z to a control port will reset the Port Z output buffers to 
their "off" state (Vss). Z2 and Z3 in mode 12 are an excep- 
tion in that these lines go to an inactive state of Vpoi. Note 
that Port Z is a control port in all modes except modes 4-7 
and RESET mode. Any mode change which leaves Port Z in 
a non-control port will leave Port Z output buffers in their 
previous state. 



Bjt Set/Reset Operation 

This function is performed by decoding the accumulator 
operand of the WRM instruction. This function can be 
used in any output port of the programmed configura- 
tions and allows individual bit control on Ports Y and Z. 
Decoding of the WRM operand is as follows: 



D3 D2 D1 DO 



1 = Set, = Reset 

■ Bit Selection 000 - YO 
001 - Y1 
010 -Y2 
Oil -Y3 
100 -ZO 
101 -Z1 
110-Z2 
111 -Z3 



Care should be taken when bit setting and resetting con- 
trol bits of Port Z as these bits will also be changing as a 
function of their synchronous or asynchronous control 
functions. 



4265 I/O Instructions 

Table 2 provides a summary of MCS-40 I/O instructions 
used with the 4265. 



Vdd * ' 

*2 


1 r 


i_r 


"1 r 


u 


"1 r 


u 


u 
"u i_r 


U 


"LT 


U 


BIT SET/RESET BIT SET/RESET; BIT DESIGNATED BY WRM OPERAND 


I L WRMX2(^2 








BIT CHANGED 














^ 





Figure 8. Bit Set/Reset Operation Timing. 
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Table 2. 4265 I/O Instruction. 


Hex 
Code 


MNEMONICp p p p^ 


OPA DESCRIPTION OF OPERATION 
Da D2 Di Do 


Mode Independent Operations 


EO 


WRM 1110 


The port Y or port Z bit designated by D3 D2 D^ of the accumulator 
is set or reset according to Do (1 = set, 0= reset), i^i 


El 


WMP 1110 


1 Sets the mode ofthe 4265 to the value contained in the accumulator. f2] 


Mode Dependent Operations 



SRC 10 R R R 1 



Mode Mode Mode 

1-3 0,4-11 12 and 13 

For modes 0-1 1 , the contents of register pair ( RRReven )- 

RRR are used to select the 4265 chip ( first two Port W 

bits of first register will contain 10 or 1 1 , ( RRRodd)^ 

depending on chip address) Port X 



E4 WRO 1110 10 (ACC)-^ (ACC)-> (ACC)^ 

PortW Port Will PortY 


E5 WR1 1110 10 1 (ACC)-^ (ACC)-> (ACC)^ 

PortX PortX^^^ PortY 


E6 WR2 1110 110 (ACC)-^ (ACC)-^ (ACC)^ 

PortYt^J PortYiii PortY 


E7 WR3 1110 111 — (ACC)-^ (ACC)-^ 

PortZii'3i PortY 


EC RDO 1110 110 (PortW)-> (PortW)-^ (PortY)-> 

ACC ACC ACC 


ED RD1 1110 110 1 (PortX)-^ (Port X)^ (PortY)-^ 

ACC ACC ACC 


EE RD2 1110 1110 (PortY)-> (PortY)-^ (PortY)-> 

ACC ACC ACC 


EF RD3 1110 1111 (PortZ)-> (PortZ)-> (PortY)-^ 

ACC ACC ACC 


E9 RDM 1110 10 1 (PortY)-* (PortY)-> (PortY)^ 

ACC ACC ACC 


EB ADM 1110 10 11 (PortY)+(ACC) (PortY)+ACC (PortY)+ACC 

+ CY-^ACC -hCY^ACC +CY-^ACC 


E8 SBM 1110 10 (ACC)-(PortY) (ACC)-(Port Y) (ACC)-(Port Y) 

-CY^ACC -CY->ACC -CY-*ACC 



NOTES: 

1. Action if Port is designated as Output Port; otherwise, no action. 

2. WMP 1110 disables all I/O ports. WMP 1111 enables all I/O ports. In both cases, the mode is not changed. 

3. No action in Modes 8-11. 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -55°C to + 125°C 

Input Voltages and Supply Voltage 

with respect to Vss +0.5V to -20V 

Power Dissipation 1.0 Watt 



'COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



D.C. and Operating Characteristics 



Ta = 0°C to 70° C; Vss "Vdd = 15V ±5%; t0pw = t0Dl = 400nsec; t0D2 = IBOnsec; Vqdi = Vss -5V; Logic "0" is defined 
as the more positive voltage {V|h, Vqh); Logic "^" is defined as the more negative voltage (V|l, Voh)*' Unless Otherwise 
Specified. 

SUPPLY CURRENT 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


'dd 


Supply Current 




35 




mA 


Ta = 25°C 


INPUT CHARACTERISTICS 


Ili 


Input Leakage Current 






10 


ma 




V|HD 


Data Bus Inputs 


Vss-1.5 




VSS+.3 


V 




VlHIO 


I/O Port Inputs 


Vss-1.5 




VSS+.3 


V 




V|LD 


Data Bus Inputs 


Vdd 




Vss-5.5 


V 




ViLIO 


I/O Port Inputs 


Vdd 




Vss-4.2 


V 




ViLR 


Reset Input 


Vdd 




Vss-4.2 


V 




VlHR 


Reset Input 


Vss-1.5 




VSS+.3 


V 




OUTPUT CHARACTERISTICS 


VOHD 


Data Bus Outputs 


VSS-.5 


Vss 




V 




VoHIO 


I/O Port Outputs 


VSS-.5 






V 


loH=-100iuA 


VOLD 


Data Bus Outputs 


Vss-12 




Vss-6.5 






Vqlio 


I/O Port W,X,Y Outputs 






VDD1+-45 




loL = 400iLtA 


VOLZ 


I/O Port Z Outputs 






Vdd 1 +.45 




Iql = 1.6mA 
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A.C. Characteristics 









Ta = 0°C to 70° C, Vss -Vdd = 15V ±5%. 












Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Conditions 


tCY 


Clock Period 


1.35 




2.0 


jLtsec 




t0R 


Clock Rise Time 






50 


ns 




t0F 


Clock Fall Time 






50 


ns 




t0pw 


Clock Width 


380 




480 


ns 




t0D1 


Clock Delay 0i to 02 


400 




550 


ns 




t0D2 


Clock Delay 02 to 0i 


150 






ns 




tw 


Data-in, CM, SYNC Write Time 


350 


100 




ns 




tHn,3] 


Data-in, CM, SYNC Hold Time 


40 


20 




ns 




tost2] 


Set Time (Reference) 









ns 




tACC 


Data-Out Access Time 

Data Lines 
SYNC 
CM- ROM 
CM- RAM 






930 
930 
930 
930 


ns 
ns 
ns 
ns 


CoUT = 

500pF Data Lines 
500pF SYNC 
160pF CM-ROM 
50pF CM-RAM 


tOH 


Data-Out Hold Time 


50 


150 




ns 


CouT = 20pF 



I/O Ports^^] 



t1 


Output Settling Time 




350 




ns 


Output Ports 


t2A 


Output Settling Time 




400 




ns 


Bidirectional 1/0 Ports (Asyn- 
chronous) 


t2B 


Output Hold Time 




400 




ns 


Bidirectional I/O Ports 
(Asynchronous) 


t3A 


Output Settling Time 




400 




ns 


Bidirectional I/O Ports (Synchronous) 


t3B 


Output Hold Time 




100 




ns 


Bidirectional I/O Ports (Synchronous) 


t3C 


Output Strobe Write Time 




300 




ns 


Mode 12 


t3D 


Output Strobe Hold Time 




300 




ns 


Mode 12 


t4 


I.S. Delay 




200 




ns 


Zi, Modes 3, 12 


t5 


"Page Select" Outputs Settling Time 




600 




ns 


Z2, Z3, Mode 12 


t6A 


Input Write Time 




700 




ns 


Unbufferred Input Ports(Ports W,X,Y) 


t6B 


Input Hold Time 









ns 


Unbufferred Input Ports(Ports W,X,Y) 



i 



Notes: 1. tn measured with t^p = lOnsec. 

2- TacC 's Data Bus, SYNC and CM-line output access time referred to the 02 trailing edge which clocks these lines out. tgs is 
the same output access time referred to the leading edge of the next 02 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state 
until the 4004/4040 takes over the data bus at X-] and X3 time. Therefore the tn requirement is always insured since each 
component contributes lOjuA of leakage current and lOpF of capacitance which guarantees that the data bus cannot change 
faster than 1 V/jus. 

4. For CdaTA BUS = 500pF, CpoRTS W,X,Y = lOOpF; CpoRT Z = 50pF. 
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CPU 
ENABLED 


CPU 
ENABLED 


CPU 
ENABLED 


ROM 
ENABLED 


ROM 
ENABLED 


OPA (4004) 
AC (4040) 

CPU 
ENABLED 


IFIOR 

PORT/RAM 
ELSE CPU 
ENABLED 


CPU 

ENABLED 






1 






1 




























— 












1 


u 






-10% 

1 J- 90% 90% 




-10% 






















1 








/IF NOT SECOND CYCLE OF 2 CYCLE INSTRUCTION (4040 ONLY) 










1 


1 


z_. 


.Lj'JiJ 


t 1 i 1 
IF SRC 













Figures. Timing Diagram. 



DATA BUS, CM 
(INPUTS) 



DATA BUS, CM 
(OUTPUTS) 




Figure 10. Timing Detail. 
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PORT 
W,X,Y,Z 



SYNCHRONOUS 
OUTPUT (PORT Y) 
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i_r 



TJ 



U" 
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x: 



^ 



*^3D*\ 
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ENABLED j 



z5lc 



PORTS W,X,Y 
INPUT 
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Figure 11. 4265 I/O Timing Diagram. 
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PROGRAMMABLE KEYBOARD DISPLAY DEVICE 

(Samples Available 1st Quarter, 1976) 



Keyboard Features: 

■ Programmable to Interface to 
Encoded Keyboard (8-bit code), 
64-Key Scanned Keyboard 
(expandable to 128 keys) or 
Sensor Matrix (64 sensors) 

■ 8 Character FIFO Character 
Buffer (or RAM in Sensor 
Mode) 

■ 2 Key Rollover and Key 
Debounce 

■ External Interrupt Line to 
Indicate When a Character Has 
Been Entered in Character 
Buffer 



Display Features: 

■ Programmable to Interface to 
Individually Scanned Displays 
or Burrough's Self-Scan* Drive 
(16, 18, or 20 Characters) 

■ Two 16x4 Display Registers 
Recirculated Synchronously 
with Keyboard Scan Lines to 
Give Automatic Display Refresh 

■ Display Registers Loadable and 
Readable Selectively or Sequentially 

■ 40 Pin Dual In-Line Package 

■ Standard Operating Temperature 
Range of 0° to 70° C (-40° to +85° C 
Operating Range to be Available 
Second Quarter 1976) 



The 4269 has two separate and distinct sections: the keyboard section and the display section. The keyboard section can 
interface to a range of devices from a matrix of toggle or thumb switches such as found on an instrument panel up to a full 
typewriter style keyboard. The display section can interface to a range of devices from an array of individual LED indicators up 
to a gas discharge alphanumeric display. 

The 4269 Programmable Keyboard Display (PKD) relieves the 4004 or 4040 CPU from continuously scanning a switch array or 
refreshing a display under software control. This greatly expands the CPU throughput. The 4269 can scan up to an 8 x 8 
keyboard or sensor matrix (or a 2 x 8 x 8 keyboard with the use of the shift or control key input). The display portion can 
continuously refresh either asingle16x8alphanumeric display; asingle8x8alphanumeric display; adual16x4digit display; a 
single 32 x 4 digit display; a 16 x 6, 18 x 6 or 20 x 6 alphanumeric gas discharge display such as the Burroughs Self-Scan*; or an 
array of 128 indicators. 

*Self-Scan is a registered trademark of the Burroughs Corporation. 
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PIN CONFIGURATION 


VssC 


1 ^ 


40 


DD3 


resetE 


2 


39 


1^2 


SYNCC 


3 


38 


DDl 


CMC 


4 


37 


DDo 


0C 


5 


36 


Ds/c 


HL 


6 


35 


D SHIFT 


BoC 


7 


34 


DRo 


BiC 


8 


33 


DRi 


B2C 


9 


32 


1R2 


B3C 


" 4269 


31 


1R3 


^DDlL 


11 


30 


DR4 


AoC 


12 


29 


DR5 


AiC 


13 


28 


DRe 


A2C 


14 


27 


DR7 


A3C 


15 


26 


DVdd 


intC 


16 


25 


DRS 


SoC 


17 


24 


IDSy 


SiC 


18 


23 


DSe 


S2C 


19 


22 


DS5 


S3C 


20 


21 


DS4 
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Pin Description 

Pin No. Designation Function 



i 



37-40 D0-D3 Bi-directional data bus. All address, 

instruction and data communica- 
tion between the CPU and the PKD 
are transmitted on these 4 pins. 

5-6 0i-(/)2 Non-overlapping clock signals 

which are used to generate the 
basic chip timing. 

2 RESET RESET Input. A low level (Vdd) 

applied to this Input resets the PKD. 

1 Vss Most positive supply voltage. 

26 Vdd Main power supply pin. Value must 

be Vss -15V ±5%. 

3 SYNC Synchronization input signal driven 

by SYNC output of the CPU. 

4 CM Command input driven by a CM- 

RAM output of processor. 

17-24 S0-S7 These pins are scan outputs which 

are used for driving either the key 
switch or sensor matrix and/or for 
strobing the display digits. Each line 
Is mutually exclusive, active high 
(Vss), open drain. 

25 RS The RS pin is toggled for each 

complete scan of the S drive. This 
allows for the scan of 16 digits of 
display data. RS=Vss for the last 8 
digits. This line is open drain. 

12-15 A0-A3 These two ports provide two 16x4 

7-10 B0-B3 recirculating display register 

outputs which are synchronized to 
the S drive scan. In the gas 
discharge display mode, A3 is reset 
and A2 is the clock to the gas 
discharge display. The 16, 18, or 20 
recirculating data characters (6 bits 
wide) are not synchronized with the 
S drive scan In the gas discharge 
mode. 

34-28 R0-R7 These pins are the return sense in- 

puts which are connected to the 8 
drive lines via the scanned key or 
sensor matrix. They are pulled to a 
low state (Vdd) in the sensor mode, 
pulsed low (Vdd) in the scanned 
keyboard mode, and pulled high 
upon switch closure. They are float- 
ing in the encoded keyboard mode. 

35 SHIFT This is the shift input. It is active 

high (Vss)- This pin is functional 
only in the scanned keyboard mode. 

16 INT This output is used to Indicate when 

a keyboard or sensor character has 
been entered into the buffer. It is 
active low (Vddi), open-sourced 
and may be "OR" -ed with other 
4040 interrupt inputs. 



Pin No. Designation Function 

11 Vddi Supply voltage for display register 

ports A and B and INT. 

36 S/C This pin is the control key input from 

the keyboard in the scanned mode. 
In encoded keyboard mode, this pin 
can be used to input the strobe 
pulse from an external keyboard 
encoder. 

Functional Description 

General 

The 4269 Programmable Keyboard/Display (PKD) device 
provides an intelligent interface between an MCS-40 CPU 
and the keyboard and display portions of an MCS-40 
design. The 4269's functions thus allow the use of 
sophisticated keyboards and displays without placing a 
large load on the CPU. 

The MCS-40 data bus will provide the path for information 
transfer between the PKD and the 4040 or 4004 CPU. The 
PKD can be programmed to operate In one of three input 
modes and one of four output modes as defined by an 
Instruction from the CPU. The modes are: 
input 

Sensor, Scanned 

Keyboard, Scanned 

Encoded Keyboard 
Output 

Individually Scanned Display Drive 

Self-Scan Drive: 16 Characters 
18 Characters 
20 Characters 
The 4269 resides on a CM-RAM line of an MCS-40 system 
and has a fixed RAM address, #1 . Hence, there can be up to 
four PKD per system without additional logic, one per CM- 
RAM. The PKD can be accessed with the MCS-40 I/O 
Instruction set to Interrogate the keyboard buffer 
FIFO/sensor RAM and load or read the display registers. 
The following Is a list of the major keyboard features of the 
4269: 

1 . Switch matrix, organized as an 8 x 8 scanned matrix with 
shift or control inputs allowing for up to 128 key inputs. 

2. Two key roll over; N-key roll over capability if provided by 
encoded keyboards. 

3. Eight character first-in-first-out (FIFO) character buffer 
(or RAM in the Sensor Mode). 

4. External interrupt line to indicate when a character has 
been entered In the buffer. 

5. Fixed key bounce delay of approximately 1 1 msec In the 
scanned keyboard mode @ 740 kHz MCS-40 clocks. 

6. Status buffer to indicate the number of characters in the 
keyboard FIFO and keyboard character over-entry. 

7. Sensor matrix Interface with up to 64 Intersections. 
The 4269's major display features are: 

1. Two 16 X 4 display registers which are recirculated 
synchronously with keyboard scan lines (at a scan 
frequency of 180 Hz). This allows for a free standing, 
scanned readout composed of individual displays. 
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2. Capability to drive 16, 18, or 20 character gas disciiarge 
displays directly via a 20 x 6 display register. 

3. Registers are loadable and readable selectively or 
sequentially. 

Mode Selection 

The CPU communicates with the 4269 PKD by first 
selecting it with an SRC (Send Register Control) 
instruction. The first two bits of the index register pair 
referenced by the SRC contain 01 , the binary address of the 
4269 on the CM-RAM line. The 4269 is disabled until it is 
addressed by a first SRC. After the first SRC, a WRO 
instruction is used to set the keyboard and display modes of 
the 4269 PKD. The CPU's accumulator will contain the 
information used for setting the PKD modes. The definition 
of a WRO as used for a 4269 is given below: 

Mnemonic Instruction Code 
WRO 1110 0100 

Set the input mode and output mode of the 4269 according 
to the value contained in the accumulator as follows: 

D3D2 

Individual, Scanned Displays 

1 Gas Discharge, 20 Characters 

1 Gas Discharge, 18 Characters 
1 1 Gas Discharge, 16 Characters 

DiDo 

Sensor, Scanned 

1 Scanned Keyboard 

1 Encoded Keyboard, Not Scanned 
1 1 Not Used 

After the 4269 has been reset by the external RESET signal, 
the keyboard input mode is set to scanned keyboard mode 
and the display output mode is set to gas discharge, 16 
character mode. Thus, if these modes are the desired input 
and output modes, it is not necessary to execute the WRO 
mode setting instruction. 

Internal Display Registers and Pointer 

The 4269 has two 16x4 display registers referred to as Dis- 
play Register A and Display Register B. These two registers 
can be operated in the individual, scanned display mode as: 

1. Two 16 X 4 hexadecimal displays; 

2. One 32 X 4 hexadecimal display; 

3. One 8x8 alphanumeric display; 

4. One 16x8 alphanumeric display; or 

5. An array of 128 indicators. 

In the gas discharge modes, the A and B registers are 
combined and operated as a 6 x 16, 6 x 18 or 6 x 20 register. 
For a given 6-bit character, the least significant 4-bits will be 
located in a 4-bit B register location and the two most 
significant bits in Di and Do of the corresponding A register 
location. 

For operations on the display registers, the 4269 PKD 
maintains an internal display register pointer which points 
to a 4-bit character in the A or B display register. 

For the individual, scanned display mode, CPU I/O 
instructions can be addressed to either Display Register A 



or Display Register B, according to the register selected by 
an SRC instruction preceding the I/O instruction. The 
internal display register pointer can then be set or 
incremented for addressing characters in either the A or B 
register. • 

For gas discharge modes, the internal pointer can be 
automatically incremented, in an alternating pattern 
between registers A and B. The alternation pattern is Ao, Bo, 
Ai, Bi, etc. 

In the individual, scanned display mode, the 4-bit 
characters of Display Register A are outputted on the A0-A3 
lines. The 4-bit characters of Display Register B are 
outputted on the B0-B3 lines. In the gas discharge modes, 
the Ao-Ai and B0-B3 lines output the 6-bit character. The A2 
line serves as the clock to the gas discharge display and the 
A3 line as the reset to the display. 



Synchronization of Scan and Return Lines 

In the scanned keyboard and scanned sensor modes a 
logical one is shifted through a field of zeros in eight 
Scan(S) lines. Each S Scan line can be used to source a row 
of eight keys or sensors. All rows of the contact keyboard or 
sensor matrix will be OR-tied to the eight Return (R) lines. 
Thus, since only one row will be enabled due to the 
synchronized ones in the Scan lines, each row of the 
keyboard or sensor matrix can be read into the Return lines 
and stored in the Keyboard FIFO/Sensor RAM at the proper 
RAM location. The 4269 will control all of these operations 
automatically once it is set to the appropriate keyboard 
mode. 

The Scan Lines are also used in the individual, scanned 
display mode to select one of eight display characters. The 
display character itself will be outputted on the A0-A3 or Bo- 
B3 output lines. The RS output line, which is toggled for 
each complete scan of the S lines, allows one of sixteen A or 
B register display characters to be addressed. Again, the 
4269 will automatically control the operation of the S and 
RS lines to continuously read out the characters in the 
4269's internal A and B Display Registers and thus 
continuously refresh the actual display devices. 

Note that the Scan lines can be used with both the keyboard 
and display interfaces since both functions require the 
same function, i.e., a synchronized shifting of a logical one 
through a field of zeros. 



Software Operation 

The WRO operates on the 4269 PKD completely independ- 
ent of mode as it actually sets the mode as has already 
been described. The WR3 is mode independent except for 
a blanking code and operates as shown below: 

WR3 

Clears the keyboard/display logic and fills the display RAM 
with all blanks. The display outputs are also blanked. (Blank 
code is all logical "1"s for individual, scanned display mode 
and hex 20 for the gas discharge modes.) 
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MODE SPECIFIC OPERATIONS 

Individual, Scanned Display Mode 

The instructions whicli are used in the individual, scanned 
display mode are described below: 

Mnemonic Instruction Code 
SRC 0010 RRR1 

The contents of the register pair RRR are used to select the 
4269. An SRC is interpreted for individual, scanned display 
mode as follows: 

RRReven RRRodd 
D3D2D1D0 D3D2D1D0 

10 n3n2nino Selects one of 16 display register 
characters of Display Register A 
with the A output lines outputting 
display characters synchronized 
with the S Scan lines. 

10 1 nsnznino Selects one of 16 display register 
characters of Display Register B 
with the B output lines outputting 
display characters synchronized 
with the S Scan lines. 

110 n3n2nino Selects one of 16 display register 
characters of Register A with Regis- 
ter A output lines being placed at Vss 
level. 

111 n3n2nino Selects one of 16 display register 
characters of Register B with Regis- 
ter B output lines being placed at Vss 
level. 

WR1 1110 0101 

Resets the internal display register pointer to and forces 
display memory to blank state. Upper two bits of AGO select 
length of display as follows: 

Display B Is 16 nibbles deep. 

1 Display B is 8 nibbles deep. 

D2_ 

Display A is 16 nibbles deep. 

1 Display A is 8 nibbles deep. 

WRM 1110 0000 

Loads the contents of the register addressed by the internal 
display register pointer with the contents of ACQ; then 
advances the displayed data by one digit in relation to the 
scan line timing and increments the display register 
pointer. 



ADM 



1110 



1011 



RDM 



1110 



1001 



Loads AGO with the contents of the register addressed by 
the display register pointer and then increments the display 
register pointer. 



WMP 



1110 0001 



Loads the contents of the register addressed by the display 
register pointer with the contents of AGG. 

RD3 1110 1111 

Loads AGG with the contents of the display register pointed 
to by the display register pointer. 



Adds the contents of the display register pointed to by the 
display register pointer to the accumulator with carry. 



SBM 



1110 



1000 



Substracts the contents of the display register pointed to by 
the display register pointer from the accumulator with 
borrow. 

NOTES: 

1. If Display A or B is set to 8 nibbles deep, each digit of the display will have 
double the ON duty-cycle that it would have in the 16 nibble deep setting 
(360 Hz scan cycle vs. 180 Hz for 16 nibble deep). 

2. External resetting initializes the Display A and Display B configurations to 
16 nibbles deep. 

3. The displayed nibbles in the 8 deep configuration will be from the least 
significant 8 characters of the display register. The remaining eight words 
remain available for random data storage by the CPU. 

4. The internal display register pointer will increment through all 16 register 
words, regardless of the display length (8 or 16) for WRM/RDM 
instructions unless the pointer is reset by an appropriate SRC instruction. 
In the WRM case, the Display Register A orB'sentire contents (used and 
unused portions) will be rotated. 

5. An interface to a 32 x 4 hexadecimal display requires only that software 
recognize the A and B Display registers as the upper and lower halves of a 
single display. 

6. An interface to a 16 x 8 alphanumeric display requires that software load 
the upper and lower 4-bits in the A and B registers in an appropriate 
alternating pattern. SRC instructions will have to proceed each load or 
read instruction to select the A or B half of the character. 

7. If the LSD of a 16 character display is assigned to be the 15th character 
scanned (S? = Vss and RS = Vss), and the MSD, the first character (#0) 
scanned (So = Vss and RS = Vdd). and if loading is started at display 
register character 0, successive WRM instructions will shift the display 
data from the LSD to the MSD as in a calculator. Note that data will then be 
read back MSD to LSD with the RDM instruction, starting at register 0. 

Gas Discharge Modes 

The instructions which are used in the gas discharge 
display modes are described below. 

Mnemonic instruction Code 
SRC 0010 RRR1 

The contents of the register pair RRR are used to select the 
4269. An SRG Is interpreted for gas discharge modes as 
follows: 

RRReven RRRodd 

D3D2D1D0 D3D2D1D0 

10 n3n2nino Selects the nth display register 
character of Display Register A with 
display outputs continuing to out- 
put the contents of Display Reg- 
isters A and B. 

10 1 nsnznsno Selects the nth display register 
character of Display Register B with 
the display outputs continuing to 
output the contents of Display Reg- 
isters A and B. 

110 n3n2nino Selects the nth display register 
character of Display Register A and 
blanks the A and B display output 
(with hex 20). 

111 n3n2nino Selects the nth display register 
character of Display Register B and 
blanks the A and B display output 
(with hex 20). 
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WR1 

Resets the internal display register pointer to Display 
Register A position and forces tine Display Registers to the 
blank code. 

Note: A WR1 should follow a WRO which changes the 
display mode. 



4. RDM will not cause any display shifting. The read order is MSD to LSD 
with the MSD stored in display register 0. 

Scanned Sensor Mode 

The instructions which are used in the scanned sensor 
mode are described below: 



WRM 



1110 0000 



Loads the contents of the display register location 
addressed by the internal display register pointer with the 
contents of ACC; then advances the displayed dataty one 
digit in relation to the scan line timing, and increments the 
display register pointer. The display register pointer 
alternates between the A and B registers. 



1110 1001 

with the contents of the display register 



RDM 

Loads ACC 

location addressed by the display register pointer and then 
increments the display register pointer. The display register 
pointer alternates between the A and B registers. 

WMP 1110 0001 

Loads the contents of the display register location 
addressed by the display register pointer with the contents 
of ACC. 

RD3 1110 1111 

Loads ACC with the contents of the display register 
location pointed to by the display register pointer. 



ADM 



1110 1011 



Adds the contents of the display register pointed to by the 
display register pointer to the accumulator with carry. 



SBM 



1110 



1000 



Subtracts the contents of the display register pointed to by 
the display register pointer from the accumulator with 
borrow. 



Mnemonic 
SRC 



Instruction Code 
0010 RRR1 



The contents of the register pair RRR are used to select the 
4269. An SRC Is Interpreted for scanned sensor mode as 
follows: 

RRRcven RRRodd 

D3D2D1D0 D3D2D1D0 



1 X X nanzniX 



ns-ni Indicates an 
group to be read. 



8-bit sensor 



WR2 1110 0110 

Clears the FIFO/RAM logic and the INT line. 

RD1 1110 1110 

Loads into ACC the upper 4 bits of the 8-bit sensor RAM 
group previously addressed by an SRC instruction. 

RD2 1110 1110 

Loads into ACC the lower 4 bits of the 8-bit sensor RAM 
group previously addressed by an SRC instruction. 

NOTES: 

1. In this mode, the 4269 PKD will continuously input the 64 matrix 
intersections of the sensor into the FIFO/Sensor RAM, which is organized 
as a 64-bit RAM. 

2. The INT line will become active (Vddi) and remain active whenever at 
least one intersection remains a logical one in the Sensor RAM. 

3. The sensor group number set by the SRC is loaded into the internal 
display register pointer. Display mode instructions which change the 
internal display register pointer thus change the sensor group address. 



NOTES: 

1. The alternation pattern of the display register pointer is Display Register 
A position 0, Display Register B position 0, Display Register A position 1, 
etc. 

2. The upper two (four) gas discharge characters, 16-17 (16-19), can be 
addressed only by incrementing the internal display register pointer 
above 15 by a WRM or RDM instruction in 18 (20) character gas discharge 
mode. If the internal display register pointer has been incremented above 
15, then these characters can be read or written by a RD3 or WMP 
instruction. 

3. Successive WRM commands will shift the output data (see gas discharge 
display output format below) one character forward in relation to the reset 
pulse. This will cause a wraparound shift left on the self-scan display. 
Hence, starting at register and loading the display RAM will give a right- 
justified display — MSD first. 



Scanned Keyboard and Encoded Keyboard Modes 

The instructions which are used in the scanned keyboard 
and encoded keyboard modes are described below: 



Mnemonic 
SRC 



Instruction Code 
0010 RRR1 



The contents of the register pair RRR are used to select the 
4269. An SRC is interpreted as follows for scanned and 
encoded keyboard modes: 

RRReven RRRodd 

D3D2D1D0 D3D2D1D0 

1 X X X X X X SRC used only to select 4269. 



RST 


CLK 


°5 


°t 


°3 


°2 Dl 


°0 



BLANK CODE: 



Figure 1. Gas Discharge Display Output Format. 



WR2 1110 0110 

Clears FIFO/RAM logic, the status buffer, and the INT line. 

RD1 1110 1101 

Reads the first nibble of the current FIFO register position. 
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RD2 1110 1110 

Reads the second nibble of the current FIFO register 
position. FIFO register position is incremented to the next 
position. 

RDO 1110 1100 

Loads ACQ with the FIFO status. 



. The 4-bit FIFO status contains the number of valid characters (0-8) in the 
keyboard FIFO. However, in the event of an overrun, i.e., more than 8 
characters entered, the 4-bit status will be set to a value of 15. The first 
eight characters entered prior to the overrun character will remain in the 
FIFO until cleared. 

. When a character is entered in the FIFO, the INToutput pin will go to Vddi. 
When a character is read, the INT will change from Vddi to Vss (open) and 
back to Vddi until the FIFO has been emptied. If a ninth character is 
inputted to the PKD before one complete character has been removed, the 
overrun status will be set. This will cause the INT line to remain active 
(Vddi) even after all characters have been accessed. Overrun status can 
only be cleared by a WR2 or WR3 command (although the first eight FIFO 
characters can be read). This condition allows the user to detect an 
overrun condition if it occurs between the time the status buffer is 
checked and the time all characters have been read. It should be noted 
that an RD2 must be initiated after an RD1 to advance to the next FIFO 
word even if the second nibble is not desired. 

. For a 1 6-key Keyboard, successive RD2 instructions will be adequate for 
inputting the key code. 



DESIGN CONSIDERATIONS 
Display Modes 

General Remarks 

Each Display A and Display B output is capable of 
driving one standard TTL load. This is done by using a 
Vss = +5, Vdd =-10Vand Vddi = GND. The Vddi pin 
allows the PKD to interface to a variety of commercially 
available display arrays via a specified circuit. Gas 
discharge, phosphorescent, LED, and incandescent 
displays can all be used with a 4269. The interface 
requirements are determined by the selected display 
device. Current into each of the Display A and Display B 
output lines should not exceed 1.6mA. 

The two 16 X 4 Display Registers A and B provide 
information in hexadecimal positive logic conventions. 
Hence, a 0000, negative logic Vss on the data bus, will 
be 0000 (positive logic Vddi) at the A and B display 
output. (The above Is equivalent to one level inversion 
between the data outputs of the PKD and the CPU 
accumulator.) 



Individual, Scanned Display IVIode 

The digit selection is achieved by using the eight scan 
lines, S0-S7, and the display select line RS. The RS 
output is used to multiplex the eight scan strobes to give 
sixteen separate strobes for up to 16 digits of display. 
It should be noted that the LSD output position of both 
Display Registers A and B is gated out coincidently with 
So time of the scan register. Following digit positions are 
also coincident. This feature allows an interface to 8 x 8 
or 16 X 8 displays. For the first eight display digit 
positions, the RS output is at open drain. The remaining 
eight of the 16 digit positions are output sequentially 
with RS at Vss- Sufficient active on-time (Vss) is allowed 
at the scan strobe line (S0-S7) to illuminate the displayed 
digit. Sufficient time is also allowed between segments 
to extinguish segment and prevent overlapped illumina- 
tion. If the 8 digit mode is selected with the WR1 
instruction, the LSD will be gated out every So time - not 
every other time. 

Gas Discharge l\1odes (Self-Scan) 

An approximate 100 )usec period, 50% duty cycle clock 
will be provided to the gas discharge display. A reset 
pulse - one clock period long - will be generated every 
111th clock period for the 16/18 digit displays or every 
139th clock period for 20 digit displays. Character 
periods are either seven clock periods long (for 1 6 or 20 
character displays) or six clock periods long (for 18 
character displays). For either case, character data is 
valid for the first five clock periods of the character 
period. Character (left-most digit) starts upon the 
rising edge of the reset signal. The blank code is Ai = Vss 
and Ao, B3- Bo = Vddi, with A3 and A2 providing reset and 
clock functions respectively. For the 18 character gas 
discharge display mode, the data outputs are blank for 
the 108th, 109th, and 110th clock periods. 

For an aesthetic display transistor, the display register 
outputs can be placed into the blank mode (all outputs to 
Vss) via an SRC during the loading of the display register. 
The outputs can then be unblanked via another SRC 
when the display register has been completely loaded. 
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Keyboard Modes 

Scanned Sensor Mode 

The sensor interface consists of two groups of eight lines, 
the scan strobe lines (So-S?) and the return sense lines 
(R0-R7). Each scan strobe is used to enable eight return 
lines, giving 64 total sense strobes for each complete scan. 
When in the sensor mode, the two key rollover and 
debounce logic is inhibited. This allows multiple valid 
intersection connections to be inputted. The SHIFT and 
CONTROL inputs are ignored in this mode. 

Each sensor intersection will have a RAM location reserved. 
The designer should group the sensors in common groups 
of 4. This mode is Intended to be used to scan a matrix of 
electronic intersections or mechanical contacts. De- 
bouncing Is to be performed under software control. The 
INT line will remain active (Vddi) whenever a valid 
intersection has been detected. The scan strobe cycle is the 
same pattern of a logical 1 (Vss) shifted in a field of zeros. 

The sense return lines are read out by RD1/RD2 
instructions as shown in Figure 2. 



















D3 


"2 D, D„ 


D3 Dj D, 


Do 


R7 


R6 


R5 


R4 


R3 


R2 


R1 


RO 



Figure 2. Sense Return. 



Scanned Keyboard Mode 

a. Key Depression Detection 

These conditions can occur during the keyboard 
interrogation by the PKD (see timing diagram below). 

1. Simultaneous Key Depression 

Two or more keys depressed within one complete 
single depression scan (approximately 11ms) is 
defined as a simultaneous key depression. If this 
condition occurs, the PKD continues to scan the 
keyboard and waits until one key remains depressed. 
It then treats the remaining key as a single key 
depression, as described below. 

2. Single Key Depression 

When any single key (non-simultaneous) is de- 
pressed, an internal counter is started. The key code 
is also stored internally in a PKD temporary register 
with a code given by the values of the Scan and Return 
Lines. The PKD will then make four more complete 
scans of all keys. If no other keys are depressed 
during the fourth complete scan and the original key 
detected Is still depressed at the end of the fourth 
scan, the key code is defined as a single key 
depression. The key code is then entered into the 
FIFO along with the value of the SHIFT and Control 
(S/C) input signals. If eight characters are already in 
the FIFO, the character will not be entered and the 
overrun will be set. When a character is entered in the 
FIFO, the INT line is activated to a logical "1" (Vddi). If 
on the fourth complete scan the original key 
depressed is no longer depressed, the key is ignored 
as if it had never been depressed. This delay of four 
scan times, or approximately 1 1 ms, thus provides the 
debounce function for the keyboard. 



ORIGINAL 
DEPRESSION 

CODE ALL RETURN LINE 

RECORDED INPUTS IGNORED 



r 



ORIGINAL 

DEPRESSION 

ON A 

RETURN 

LINE 



ONE 
KEYBOARD 
SCAN CYCLE 



SEARCH FOR ORIGINAL 
DEPRESSION AND OTHER 
DEPRESSIONS; 

IF MULTIPLE (SIMULTANEOUS) 
DEPRESSIONS DETECTED OR 
ORIGINAL DEPRESSION NOT 
FOUND (DEBOUNCE) 
GOTO-, 



.1 



OTHERWISE 

GO TO -•►TEST FOR 

RELEASE OF ORIGINAL 
DEPRESSION (2-KEY ROLLOVER) 



ORIGINAL 

DEPRESSION 

RELEASED 

AND 

STORED IN 

KEYBOARD 

RAM 



BEGIN 
SEARCH 
FOR NEW 
SINGLE 
DEPRESSION 



Figure 3. Keyboard Debounce and 2-Key Rollover Timing. 
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3. Two Key Rollover 

The two key rollover operates as follows: 

If a second key is depressed after a first key has been 
accepted by the PKD as a single key depression but 
the first key has not been released, then the second 
key will be treated as a new original depression after 
the first key has been released. 

If a second key is depressed after a first key has been 
accepted by the PKD as a single key depression and 
the second key is released before the first key is 
released, the second key will be ignored. 

b. Key Matrix Encoding 

The keyboard matrix hardware configuration and 
associated matrix encoding is shown in Figures 4, 5, and 
6. 



4269 
PKD 



^\-h 



S7, RO 

d— 

KEYBOARD 
MATRIX 



, SO, R7 SO, RO 



Figure 4. Hardware Configuration. 
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Figure 5. Matrix Configuration. 



Figure 6. Key Encoding. 
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c. Expansion to 128 Key Scan 

The basic mechanism of the PKD for scanning a 64 key 
matrix can be expanded to interface to a 128 key matrix. 
Note that the CONTROL (S/C) and SHIFT inputs cannot 
be used to directly encode 256 keys since the single key 
depression logic operates with the 6-bit matrix position 



code only. However, if full debounce and 2 key roll over 
control between two 64 key matrices is not necessary, 
then a configuration such as shown in Figure 7 may be 
used to add a seventh bit to the 6-bit matrix via the SHI FT 
or S/C input of the PKD. Alternately, two 4269 PKDs can 
be used for interfacing to the 128 keys. 




<t>^><t>2 1 2 ' ^ 



SYNC *- 



i 



MCS-40 
INTERFACE 



Figure 7. 128 Scanned Input Keys. 
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Encoded Keyboard Mode 

Data Format 

In the encoded keyboard mode, the eight return lines are 
directly loaded into the PKD's keyboard FIFO. For encoded 
keyboards using less than eight encoded bits, the 
remaining bits can be any desired signal, such as a 
multiplex signal between two keyboards or a special key 
flag. 

HARDWARE DESCRIPTION 

The following is a description of the major hardware 
elements of the 4269. Refer to the hardware block diagram 
shown in Figure 8. 



S/R Counters and Debounce Logic 

The S/R counters are two modulo 8 counters used to 
provide a unique 6-bit code for each of the 64 intersections 
provided by a matrix of eight Scan (S) Driver and eight 
Return (R) sense lines. The R counter is counted eight times 
for each S count. When keys, contacts, or controls are 
arranged In the matrix, each matrix Intersection is 
examined for closure between the corresponding S and R 
line. If the 4269 Is in the Scanned Keyboard Mode, an 
approximate 11 msec debounce time will be used to 
ascertain the validity of the connection. The valid 6-bit 
code, along with the SHIFT and S/C (control) line, is placed 
in the FIFO for retrieval by the CPU. 



MCS-40 Data Bus/Control Line Interface 

The 4269 PKD resides on the MCS-40 data and timing bus. 
As such It derives its basic timing from the 0i and <})2 clock 
signals. Synchronization and chip select Information are 
provided by the SYNC and CM-RAM lines respectively. The 
Data Bus provides the 4269 with control commands and 
routes Keyboard/Display data between the 4269 and CPU 
Accumulator. 



Scan Counter and Scan F/F 

For each increment of the modulo 8 S counter, the Scan 
Counter is advanced. The register shifts a logical 1 (Vss) in a 
field of logical zeros (open drain). The non-overlapping one 
is successively moved from So through S? and around 
again. For each complete sequence of shifts, the scan flip- 
flop is toggled. This flip-flop's initial value, after RESET, Is 
open drain. 



Display Registers 

The 4269 is provided with RAM storage which is utilized to 
Implement an automatically refreshed display; The display 
RAM (Display Registers A and B) can be configured in 
several different organizations under program control, 
including two 16 x 4 hexadecimal displays, one 32 x 4 
hexadecimal display, a single 8 or 16 alphanumeric display, 
a single 16, 18, or 20 character gas discharge alphanumeric 
display, or a 1 28 matrix array of indicators. The display RAM 
output is available on A0-A3 for Display Register A outputs 
and B0-B3 lines for Display Register B outputs. The Vddi 
line provides a separate negative supply reference for the A 
and B outputs (and INT). 



Key Return l\/lultipiexer 

The return multiplexer selects one of the 8 return lines 
coming from the key array. The selection code Is provided 
by the modulo 8 R counter. When in the Scanned Sensor 
Mode, all 8 R lines are entered for each scan line, and pass 
directly to the Sensor RAM (FIFO). 

FIFO and Sensor RAM 

This block is a dual function RAM of 64 bits. The RAM can 
serve as a keyboard character FIFO for eight 8-bit 
characters or as a sensor RAM to store the status of 64 
intersections. 
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Figure 8. 4269 l-fardware Block Diagram. 
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Absolute Maximum Ratings'^ 






Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -55° C to + 1 25° C 

Input Voltages and Supply Voltage 

with respect to Vss +0.5V to -20V 

Power Dissipation 1.0 Watt 



'COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



D.C. and Operating Characteristics 

Ta = 0° to 70°C; Vss -Vdd= 15V ±5%; t^pw = t0D1 = 400nsec; t0D2 = 1 
voltage (V|h, Vqh); Logic "1" is defined as the more negative voltage (V|l, 



BOnsec; Logic "0" Is defined as the more positive 
Vol); Unless Otherwise Specified. 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Condition 


•li 


Input Leakage Current 






10 


mA 


V|L = Vdd 


V|H 


Input High Voltage (Except Clocks) 


Vss-1.5 




VSS+.3 


V 




V|L 


Input Low Voltage (Except Clocks) 


Vdd 




Vss-5.5 


V 




V|HC 


Input High Voltage Clocks 


Vss-1.5 




VSS+.3 


V 




ViLC 


Input Low Voltage Clocks 


Vdd 




Vss-13.4 


V 




Ilo 


Data Bus Output Leakage Current 






10 


MA 


VouT = -12V 


•OL 


Data Bus Sinking Current 


8 


15 




mA 


VOUT = Vss 


lOL 


A0-3/B0-3 Sinking Current 




2.5 




mA 


Vddi = Vss -5V, 
VouT = Vddi + .4V 


lOL 


Interrupt Sinking Current 




150 




MA 


Vout = Vddi+.5V 


RoH 


Data Bus Output Resistance 




150 


250 


a 


VouT = Vss -.5V 


ROH 


A0.3/B0.3 Output Resistance 




4 




ku 


VouT = Vss -2.6V 


ROH 


So-? Output Resistance 




250 




a 


VouT = Vss-iv 


ROH 


RS Output Resistance 




350 




a 


VouT = Vss-iv 
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A.C. Characteristics 

Ta = 0°C to 70°C; Vss -Vpo = 15V ±5%. 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Condition 


tCY 


Clock Period 


1.3 




2 


jusec 




t0R 


Clock Rise Time 






50 


nsec 




t0F 


Clock Fall Time 






50 


nsec 




t0PW 


Clock Width 


380 




480 


nsec 




t0D1 


Clock Delay 0i to 02 


400 




550 


nsec 




t0D2 


Clock Delay 02 ^o 01 


150 






nsec 




tw 


Data-in, CM, SYNC Write Time 


350 


100 




nsec 




tHn,2] 


Data-in, CM, SYNC Hold Time 


40 


20 




nsec 




tosf^^ 


Set Time (Reference) 









nsec 




tACC 


Data Bus Access Time 






930 


nsec 




tOH 


Data Bus Hold Time 


50 






nsec 




tRTSK 


Return Line Pull-Down Time 




5 




/IS 


C= lOOpF; Scanned 
Keyboard Mode 


tRTSN 


Return Line Pull-Down Time 




30 




MS 


C=100pF; 
Sensor Mode 



Capacitance 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Condition 


C0 


Clock Capacitance 




8 




pF 


V,N = Vss 


Cdb 


Data Bus Capacitance 




14 


20 


PF 


V,N = Vss 


C|N 


Input Capacitance 






10 


pF 


V|N = Vss 


COUT 


Output Capacitance 






10 


pF 


ViN = Vss 



Notes: 1. tn measured with t^R = lOnsec. 

2. All MCS-40 components which may transmit instruction on data to a 4004 or 4040 at IVI2 and X2 always enter a float state until the 
4004/4040 takes over the data bus at Xi and X3 time. Therefore the t^ requirement is always insured since each component contributes 
10mA of leakage current and lOpF of capacitance which guarantees that the data bus cannot change faster than 1 V/)us. 

3. t/\cc 'S Data Bus, SYNC and CM-line output access time referred to the 02 trailing edge which clocks these lines out. tQS '" the same 
output access time referred to the leading edge of the next 02 clock pulse. 
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Figure 11. Data Blanking Detail - Individual Display Mode. 
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Figure 12. Gas Discharge (Self-Scan) Mode Timing - 16 or 20 Character Mode. 
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Figure 13. Gas Discharge (Self -Scan) Mode Timing - 18 Character Mode. 
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Figure 9. Individually Scanned Display Mode Timing. 
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Figure 10. Detailed Timing of Strobe and Return Lines for Keyboard, Sensor, and Individual Scanned Displa^ Modes. 
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4201 
CLOCK GENERATOR 



Complete Clock Requirements 
for MCS-40^"^ Systems 

Crystal Controlled Oscillator 
(XTAL External) 

MOS and TTL Level Clock 
Outputs 



Provides MCS-40 Reset 
Function Signal 

Standard Operating 
Temperature Range of 
0° to 70° C 

Also Available with -A0° to 
+85'' C Operating Range 



The 4201 is a CMOS integrated circuit designed to fill the clock requirements of the MCS-40 microcomputer family. The 4201 
contains a crystal controlled oscillator (XTAL external), clock generation circuitry, and both MOS and TTL level clock driver 
circuits. 

The 4201 also performs the power on reset function required by MCS-40 components and provides the logic necessary to imple- 
ment the single-step function of the 4040 central processor unit. 



PIN CONFIGURATION 



4201 



gndq 

VddC 

modeC 

n.openC 



3'>2T 

DVcc 

3o^ 

I] RESET 
D RESET IN 
USTOP 
U ACK 
Dn. CLOSED 



i 



BLOCK DIAGRAM 



0, DRIVER 



MODEO- 
RESET IN O- 



SCHMITT 
TRIGGER 



SINGLE 
STEP F/F 



02 DRIVER 



ill 



Vce Vnn GROUND 



plK3_ 
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Pjp DGSCriPtiOn PlnNo. Designation Description of Function 



Pin No. Designation 



Description of Function 



GND 

(pM - 
02 

Vdd 



Circuit ground potential. This 
pin can be left floating for low 
power application. MOS clock 
output will be operative, TTL 
clock outputs will not. 
Phase 1 TTL level clock out- 
put. Positive true. 

Phase 2 MOS level clock out- 
put. Directly drives all MCS 
40 conriponents. 
Main Power Supply Pin. 
Vdd=Vcc-15V±5%. 
Counter mode control pin. 
Determines whether counter 
divides basic frequency by 8 
or 7. 

Mode 1 = Vcc =* ^7 
Mode 2 = Vdd =* ^8 
Input of single step circuitry 
to which normally open con- 
tact of SPOT switch is con- 
nected. 

External Crystal Connection. 
This pin may be driven by an 
external frequency source. X2 
should be left unconnected. 

External Crystal Connection. 



g 



N. CLOSED 



STOP 



Vcc 



(t>2T 



Input of single step circuitry 
to which normally closed con- 
tact of SPDT switch is con- 
nected. 

Acknowledge input to single 
step circuitry normally con- 
nected to stop acknowledge 
output of 4040. 

Stop output of single step cir- 
cuitry normally connected to 
stop input of 4040. A SPDT 
toggle switch may be inserted 
in this line for RUN/HALT 
control. 

Input to which RC network is 
connected to provide power- 
on reset timing. 
Reset signal output which di- 
rectly connects to all MCS-40 
reset inputs. This signal is act- 
ive low. 

Phase 1 MOS level clock out- 
put. Directly drives all MCS- 
40 clock inputs. 

Circuit reference potential - 
most positive supply voltage. 

Phase 2 TTL level clock out- 
put. Positive true. 



Functional Description 

The 4201 consists of the following functional blocks: 
CRYSTAL OSCILLATOR 

The oscillator is a simple series nnode crystal-type circuit 
consisting of two inverters biased in the active region, and a 
series crystal element. 

PROGRAMMABLE SHIFT REGISTER 

The shift register in the 4201 divides the master clock and 
generates the proper states for generating the desired two- 
phase clock. The circuit is a seven bit dynamic device which 
circulates a logical "1 "through a field of zeroes. The output 
of the various states are then combined to provide the proper 
clock waveforms. This provides a divide by 7 function. 

In order to maintain the proper clock timing over the full 
operating frequency range of the MCS-40 "" system, the shift 
register is programmable (using mode pin) as either a 7 bit or 

-^ 7 COUNTER |l|2[3|4|5|6|7[ 

*'-l I \ 



<t>2- 



8 COUNTER I 1 j 2 j 3 I 4 

*'-! I 



"L 



4201 Shift Register Modes. 
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4 bit device. When in the 4 bit mode the clock is divided by 2 
and then by 4 to provide a divide by 8 function. The rela- 
tionship between the phases Is equal; that is, 0i pulse width, 
02 pulse width, 0i to 02 3"^ 02 to 0i times are ail equal. 

PHASE DECODER 

A simple gate complex is used to decode the shift register 
outputs to provide phase 1 and phase 2 clock waveforms. 
This circuitry is controlled by the mode input to achieve the 
two sets of timing discussed in the previous section. 

OUTPUT BUFFERS 

There are two sets of output buffers for the 2 phase clock. 
One set is the MOS level drivers designed to directly drive a 
full complement of MSC-40 components. The second set pro- 
vides TTL compatible outputs which can drive one standard 
TTL load. 

RESET CIRCUIT 

The reset circuit Is simply a level detector and driver stage. 
An external RC network connected between Vdd and Vss 
at the reset input pin of the 4201 provides the required 
power-on delay. 

To generate a reset, the Vdd supply must reach its full 
voltage level before the Vss supply turns on. 

SINGLE STEP CONTROL 

The 4201 contains the necessary circuitry for allowing the 
4040 CPU to execute Instructions one at a time. Using the 
stop input and stop acknowledge output of the 4040, the 
4201 generates a pulse that allows the 4040 to perform only 
one Instruction. The stop command can be provided by a 
SPDT pushbutton directly since debouncing is provided by 
the 4201. A SPSTtoggle switch, In series with the STOP line, 
provides the Run/Halt feature. 



4201 



Absolute Maximum Ratings* 

Storage Temperature -55°Cto 1 50° C Ambient 

Operating Temperature 0°Cto 70°C Ambient 

Maximum Positive Voltage Vcc +-5V 

Maximum Negative Voltage Vqd --SV 

Maximum Power Dissipation LOW 

Maximum Supply Voltage Vqc -Vdd nvfl 

Maximum Supply Voltage Vqc -Vqd 17V[2] 

Notes: 1 . CloaD' 01 and 02 >100pF- 

2- CloaD» 01 and <p2 = 0;R = 68n, Vqq Pin to Voq; Bypass 
Capacitor at V/qd Pin. 



♦COMMENT 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
at any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to Abso- 
lute Maximum Rating conditions for extended periods may 
affect device reliability. 



D.C. Characteristics Ta = o°c to 70° c; Vcc-Vdd = 1 5v ±5%; gnd = Vcc -5v ±5%. 



Symbol 


Parameter 


Limit 


Units 


Conditions 




Min. 


Max. 




iLl 


Input Leakage Current 




10 


MA 


V|L = VpD All inputs except Xi , X2, 
N. Open, N. Closed 


VlH 


Input High Voltage 


Vcc-1.5 


Vcc+.B 


V 


All inputs except X^, X2, Reset 




V|L 


Input Low Voltage 


Vdd 


Vcc-13 


V 


All inputs except Xi, X2, Reset 


Vol 


Output Low Voltage 


Vdd 


Vcc-13.4 


V 


Capacitance load only 


VoH 


Output High Voltage 


Vcc-1.5 


Vcc 


V 


Capacitance load only 


Vol 


01T.02T 




GND+.5 


V 


lOL = 1.6mA 


VoH 


01T. 02T 


VCC-.75 




V 


loH = -400mA 


loL 


01,02 Sink Current 


400 




mA 


Vqut = Vcc; Pulse Width <1/isec 


lOL 


01T, 02T Sink Current 


15 




mA 


VoUT = Vcc 


'OL 


Reset Sink Current 


6 




mA 


VoUT = Vcc 


lOL 


Stop Sink Current 


1 




mA 


VoUT = Vcc 


lOH 


01,02 Source Current 


180 




mA 


VouT = Vdd 


•oh 


01T. 02r Source Current 


8 




mA 


VouT = Vdd 


'oh 


Reset Source Current 


6 




mA 


VouT = Vdd 


•oh 


Stop Source Current 


1 




mA 


VouT = Vdd 


'dd 


Average Supply Current 




20 


mA 


5.185MHz Crystal, Cload 01 and 02 = 


= 20pF 


V,L 


Reset Input Low Voltage 


Vdd 


Vcc-11 


V 




V|H 


Reset Input High Voltage 


Vcc-6.5 


Vcc+.5 


V 




Ri 


Pull Up Resistance on 
N. Open, N. Closed 


20 


120 


K^ 


ViN = Vdd 


Capacity 


jnCe f = 1MHz;Ta = 25°C 








Symbol 


Parameter 


Limit 


- Units 


Conditions 




Min. 


Max. 




C|N 


Input Capacitance 




5 


PF 


All Inputs except Xi , X2 


COUT 


01 , 02 Output Capacitance 




40 


pF 




Gout 


<^1T' 4>7T Output Capacitance 




10 


pF 




COUT 


Stop Reset Output Capacitance 




5 


pF 






7-55 



4201 



XTAL Specifications 



Range: 3.5 -5.1 85 MHz 

Mode: Series or Parallel Resonant 

Recommended: Crystek 5.185 MHz 

Spec. No. CY8A or CTS 
Knights 4201-5.185 or Equivalent 

XTAL Capacitance Requirements: 20-30 pF 



CTS Knights 

XTAL Equivalent Circuit 

..Co 



-AA/V- 



Co 


« 3-5pF 


Cm 


« lOfF 


Rm 


^ 5012 


Lm 


« 1 



(27rf)2 Cm 



A.C. Characteristics Ta = o°c to 70° c; vcc -vdd = 1 bv ±5%; g = Vcc -5v ±5% 



Symbol 


Parameter 


Limit 


Units 


Conditions 


Min. 


Typ. 


Max. 


tCY 


Clock Period 




tXTAL*7 




ns 


—1 




t0PW 


Clock Pulse Width 


(2/7)tcy-10 


(2/7)tcY 


(2/7)tcY+10 


ns 


— Mode = Vcc 


t0D1 


Clock Delay from 0i to 02 


(2/7)tcY-10 


(2/7)tcY 


(2/7)tcY+10 


ns 


t0D2 


Clock Delay from 02 to 0i 


(1/7)tcY-10 


(1/7)tcY 


(1/7)tcY+10 


ns 




tCY 


Clock Period 




tXTAL»8 




ns 






t0PW 


Clock Pulse Width 


(1/4)tcy-10 


(1/4)tcY 


{1/4)tcY+10 


ns 


- Mode = Vdd 


t0D1 


Clock Delay from 0i to 02 


(1/4)tcy-10 


(1/4)tcY 


(1/4)tcy+10 


ns 


t0D2 


Clock Delay from 02 to 0i 


{1/4)tcY-10 


(1/4)tcY 


(1/4)tcY+10 


ns 




t0D3 


TTLCIkto MOSCIkSkewfl] 







40 


ns 




V,t0f 


Clock Rise and Fall Time 






50 


ns 


Cl=3OOpF=0i,02; 
Cl=50pF on 01T/02T 


tD 


Delay from Acknowledge to 
Stop 






1 


MS 


Cl=20pF 



Note: 1 . See waveforms section for phase relationships between <t>i , ^-jT, 02» 9"d <t>'2^. 

2. Proper system operation of ail members of the MCS-40' "component family is guaranteed with the 4201 Clock Generator 
at 1 .35 /isec <tcY <2 /Ltsec. 



Typical Characteristics 



Idd current vs. load capacitance 



20 
15 
10 
5 
n 






































^ 


^ 


^ 
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4201 



CLOCK GENERATOR 
IMPLEMENTATION 




Power Supply Voltages 

The purpose of Rdd 'S both to limit 0i and (f>2 rise times and 
to drop Vdd at the 4201 pin. Values for Rpo as a function 
of 01, 02 load capacitance are: 

For Cload <50pF; use RpD = 10012. 
For 50pF <Cload <100pF; use RpD = 68^. 
For lOOpF <Cload <300pF; use RpD = 270. 
For Cload >300pF; use Rqd = 10^- 

All 4201 functions requiring the Vqd voltage should use the 
pin Vdd or node (g) on the 4201 side of resistor Rdd- 

Operation is guaranteed with Vcc-Vdd = 15V ±5%. During 
system power-up or during power supply glitching, the maxi- 
mum magnitude of (Vcc-Vdd) rnust be limited to 17 volts. 
With Vcc = +5V, Vdd = -10V, bypass capacitor CI of 1 juF 
and C2 of .1 [iP in parallel from Vcc to GND and Vdd to 
GND provide excellent bypassing. 

Single-Supply Systems (+15V or -15V) 

Recommended 4201 circuit modifications for single supply 
systems are: 

1. The 1 fiF capacitor CI should be between Vdd and Vcc- 

2. Other capacitors shown as being grounded should be con- 
nected to Vcc- 

3. Reset R — C should be connected to Vcc- 

4. The current limiting resistor Rdd 's still needed in the 
Vdd line- 
Crystals 

Either -r7 or -^8 Modes may be used. Mode equals Vcc ^or 
-r7. Mode equals Vdd for -r8. The XTAL range should be be- 
tween 500 kHz (4 MHz XTAL, 4-8 MODE) and 740 kHz 
(5.185 MHz XTAL, ^7 MODE). These XTAL may be found 
as standard products from CTS Knights or Crystek. 



The XTAL terminals, XI and X2, should each be tied to 20pF 
capacitors C3 and C4 to GND. Exact values of C3 and C4 
should be selected such that total capacitance values seen at 
Xq and X2 inputs, including lead and board capacitance, are 
20 - 30pF allowing proper oscillation start up following a Re- 
set. 

Reset Network 

The Reset input has V|l = Vcc -11 Volts and V|h = Vcc 
-6.5 Volts, with about 1 Volt of hysteresis (Schmitt circuit). 

Node (§) must be tied to GND or Vcc = +5V; and Rr and 
Cr selected, such that the negative Vdd transition moves the 
Reset input below V|l. 

Tying node @ to GND and making Cr very large, i.e. >1mF, 
will allow the greatest freedom in Vcc and Vdd rise times 
during turn-on. Tying node @ to GND will also cause Reset 
after a Vdd glitch to GND. 

The purpose of Rs at 510^ or 1kf2, is to limit Reset input 
fall time on manual Reset, so that the Reset input does not 
fall below Vdd- 

TTL Clock Outputs 

If 01T and 02T are used, GND pin should be tied to logic 
ground. 0it and 02t levels will be equal to Vcc and the 
GND pin level. 

Unused Functions 

If any of the 4201 functions listed below are not used, it is 
recommended that the pins be connected as described below: 

1- 01T. <^2T - Tie GND, 0it, 02T to Vcc- 

2. Single Step - Tie NO to Vcc 

NCto Node ® (Vdd pin of 4201) 
STOP ACK to Vcc 
STOP left open 

3. Reset - Tie RESET IN to Vcc 

RESET OUT to Vcc 
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Waveforms 



<t>2J 1.5V 



4201 
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intel^ 4008/4009 

STANDARD MEMORY AND I/O INTERFACE SET 



Direct Interface to Standard 
Memories 

Allows Write Program Memory 



■ 24 Pin Dual In-Line Packages 

■ Standard Operating 
Temperature Range of 
0° to70°C 



The standard memory and I/O interface set (4008/4009) provides the complete control functions performed by the 4001 or 4308 
In MCS-40''" systems. The 4008/4009 are completely compatible with other members of the MCS-40 family. All activity is still 
under control of the CPU. One set of 4008/4009 and several TTL decoders is sufficient to interface to 4K words of program 
memory, sixteen four-bit input ports and sixteen four-bit output ports. 



PIN CONFIGURATIONS 



c.C 



4008 



2« DVoo 

» 3*. 

WD*, 
1. D*. 
'•DS 

'« J*, 

.4 DC, 
-3 DC, 



3o^ 
30, 
3°, 
30, 

3>'°> 
D"o. 

3 I/O, 

DCMROI 

3^ 

3^7 



I 



4008 BLOCK DIAGRAM 



MM 



INSTRUCTION 
ADDRESS 

AND I/O PORT 

ADDRESS 

MPX 



"riririrr 



4009 BLOCK DIAGRAM 



RDR M, M, 

ill 



DATA 
INPUT 
BUFFERS 



I/O PORT 
ADDRESS 
LATCH 



ur mi 



INTERNAL 

TIMING 

GENERATOR 



rrt 



mr 



DATA BUS 
OUTPUT 
BUFFERS 



CM ROM «2 ^2 



I/O PORT 

AND CHIP 

SELECT 

MPX 



WRITE 
CONTROL 
AND 
FIRST/ 
LAST 



n 



TT 



I/O PORT 

CHIP 
SELECT 
LATCHES 



INTERNAL 

TIMING 

GENERATOR 



WPM OR WRR 



rr^ 



m 



M y 'f '' 'I 



DATA BUS 

INPUT 
BUFFERS 



TT 

(Ti OUT 
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4008/4009 



Pin Description 

4008 

Designation/ 

Pin. No. Type of Logic Description of Function 



Pin No. 



4009 

Designation/ 

Type of Logic Description of Function 



1-4 Do-Da/Neg. 



i 



7-8 01-02/Neg. 

6 SYNC/Neg. 

5 CM-ROM/Neg. 

23-16 A0-A7/P0S. 

15-13, 11 C0-C3/P0S. 

9 F/L/Neg. 

10 W/Pos. 



12 Vss 

24 Vdd 



Bidirectionai data bus. All ad- 
dress, instruction and data 
communication between proc- 
essor and the PROGRAM 
MEMORY or I/O ports Is trans- 
mitted on these 4 pins. 

Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 

Synchronization Input signal 
driven by SYNC output of 
processor. 

Command Input driven by 
CM-ROM output of processor. 
Used for decoding SRC and I/O 
Instructions. 

Address output buffers. The 
demultiplexed address values 
generated by the 4289 from 
the address data supplied by 
the processor at Ai and A2. 

Chip select output buffers. The 
address data generated by the 
processor at A3, or during an 
SRC are transferred here. 

Output signal generated by the 
4008 to Indicate which half- 
byte of PROGRAM MEMORY 
Is to be operated on. 

Output signal, active low, gen- 
erated by the 4008 when the 
processor executes a WPM in- 
struction. 

Most positive supply voltage. 

Main power supply pin. Value 
must be Vss -15V ±5%. 



23-20 Do-Ds/Neg. 



5-8, 1-4 D'l-D s/Pos. 

14-13 01-02/Neg- 

11 SYNC/Neg. 

15 CM-ROM/Neg. 

9 IN/Neg. 

10 OUT/Neg. 
19-16 I/O0-I/O3/P0S. 

23 Vdd 

12 Vss 



Bidirectional data bus. All ad- 
dress, instruction and data 
communication between proc- 
essor and the PROGRAM 
MEMORY or I/O ports Is trans- 
mitted on these 4 pins. 

The eight bits of instruction 
from the program memory are 
transferred on these 4009 pins 
(most significant bit is Dfe). 

Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 

Synchronization Input signal 
driven by SYNC output of 
processor. 

Command input driven by 
CM- ROM output of Processor. 

Output signal, active low, gen- 
erated by the 4289 when the 
processor executes an RDR in- 
struction. 

Output signal, active low 
(Vdd). generated by the 4009 
when the processor executes a 
WRR instruction. 

Bidirectional I/O data bus. Data 
to and from I/O ports or data 
to write PROGRAM MEMORY 
are transferred via these pins. 
Main power supply pin. Value 
must be Vss -15V ±5%. 

Most positive supply voltage. 
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4008/4009 



Functional Description 

The 4008 is the address latch chip which interfaces the 4004 
or 4040 to standard PROMs, ROMs and RAI\^s used for 
program memory. The 4008 latches the low order eight bits 
of the program address sent out by the CPU during A1 and 
A2time. During A3timeit latch^esthehigh orderfourbitsof 
the program address from the CPU. The low-order eight 
bits of the program address are then presented at pins AO 
through A7 and the high-order four bit (also referred to as 
page number) are presented at pins CO through C3. These 
four bits must be decoded externally and one page of 
program memory is selected. 

The 4009 then transfers the eight bit instruction from 
program memory to the CPU four bits at a time at M.I and 
M2. The command signal sent by the CPU activates the 4009 
and initiates this transfer. 

When the CPU executes an SRC (Send Register Control) 
instruction, the 4008 responds by storing the I/O address in 
its eight bit SRC register. The content of this SRC register is 
always transferred to the address lines (AO through A7) and 
the chip select lines (CO through C3) at X1 time. The 
appropriate I/O port is then selected by decoding the chip 
select lines. The IN and OUT lines of the 4009 indicate 
whether an input or output operation will occur. 

The 4009 is primarily an instruction and I/O transfer device. 
When the CPU executes an RDR (Read ROM Port) 
instruction, the 4009 will send an input strobe (pin 9) to 
enable the selected input port. It also enables I/O input 
buffers to transfer the Input data from the I/O bus to the data 



bus. When the 4009 interprets a WRR (Write ROM Port) 
instruction, it transfers output data from the CPU to the I/O 
bus and sends an output strobe (pin 10) to enable the 
selected output port. 

The WPM (Write Program Memory) instruction is used in 
conjunction with the 4008/4009 to write data into the RAM 
program memory. When an instruction is to be stored in 
RAM program memory, it is written in two four-bit 
segments. The F/L signal from the 4008 keeps track of 
which half is being written. When the CPU executes a WPM 
instruction, the chip select lines of the 4008 are jammed with 
"1111". In the system design this should be designated as 
the RAM channel. The W line on the 4008 is also activated by 
the WPM instruction. The previously selected SRC address 
on line AO through A7 of the 4008 becomes the address of 
the RAM word being written. By appropriately decoding the 
chip select lines, the W line, and F/L, the write strobes can 
be generated for the memory. 

The F/L line Is Initially high (Vss) when power comes on. It 
then pulses low (Vdd) when every second WPM is executed. 
A high (Vss) on the F/L lines means that the first four bits 
(OPR) are being written, and a low means that the last four 
bits (OPA) are being written. The 4009 transfers the 
segment of the instruction to the I/O bus at X2 of the WPM 
instruction. The SRC address sent to RAM is only 8 bits. 
When more than one page of RAM (256 bytes) is being 
written, an output port must be used to supply additional 
address lines for higher order addresses. 



Absolute Maximum Ratings' 



Ambient Temperature Under Bias :. 0°Cto70°C 

Storage Temperature -55°C to + 125°C 

Input Voltages and Supply Voltage 

with respect to Vss +0.5V to -20V 

Power Dissipation 1.0 Watt 



'COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 
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4008/4009 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C; Vss -Vdd = 15V ±5%; t^pw = Upi ^ 400 nsec; t0D2 "^ 150 nsec; Logic "0" is defined as the more positive 
voltage {V|h, Vqh)/" Logic "^" is defined as the more negative voltage (V|l, Vql); Unless Otherwise Specified. 
SUPPLY CURRENT 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


'dd 


Average Supply Current (4008 only) 




10 


20 


mA 


Ta = 25°C 


'dd 


Average Supply Current (4009 only) 




13 


30 


mA 


Ta = 25°C 


INPUT CHARACTERISTICS-ALL INPUTS EXCEPT I/O PINS 


Ili 


Input Leakage Current 


10 


MA 


V|l = Vdd 


V|H 


Input High Voltage (Except Clocks) 


Vss- 1.5 




VSS+.3 


V 




V|L 


Input Low Voltage (Except Clocks) 


Vdd 




Vss-5.5 


V 




V|HC 


Input High Voltage Clocks 


Vss-1.5 




Vss+.3 


V 




ViLC 


Input Low Voltage Clocks 


Vdd 




Vss-13.4 


V 




OUTPUT CHARACTERISTICS-ALL OUTPUTS EXCEPT I/O PINS 


•lo 


Data Bus Output Leakage Current 


10 


ma 


VouT = -12V 


VOH 


Output High Voltage 


VSS-.5V 


Vss 




V 


Capacitance Load 


lOL 


Data Lines Sinking Current 


8 


15 




mA 


VouT = Vss 


lOLtlJ 


Address Line Sinking Current (4008 only) 


7 


13 




mA 


Vqut = Vss 


lOL 


In, Out, F/L, Chip Select 


1.6 


4 




mA 


VbuT = Vss -4.85 


IOLf2J 


W Output, Sinking Current (4008 only) 


2.5 


5 




mA 


V0UT = Vss 


Vol 


Output Low Voltage, Data Bus, CM, SYNC 


Vss-12 




Vss-6.5 


V 


Iql = 0.5mA 


Rqh 


Output Resistance, Data Line "0" Level (4008 only) 




150 


250 


n 


VoUT = Vss -•5V 


ROH 


Address, Chip Select Output Resistance, 
''0" Level (4008 only) 




.6 


1.2 


kO. 


V0UT = Vss-.5V 


Rqh 


Output Resistance, Data Line "0" Level (4009 only) 




130 


250 


12 


VoUT = Vss -2V 


IcfI3] 


Address, C/S Output "^" Clamp Current (4008 only) 


16 


mA 


V0UT = Vss-6V 


Icf[31 


In, Out "1" Clamp Current (4009 only) 


16 


mA 


VouT = Vss-6V 


I/O INPUT CHARACTERISTICS 


lu 


Input Leakage Current 


10 


MA 




V.hI^I 


Input High Voltage 


Vss-1.5 




Vss+.3 


V 




V|L 


Input Low Voltage (4009 only) 


Vdd 




Vss-4.2 


V 




I/O OUTPUT CHARACTERISTICS 


VoH 


Output High Voltage 


VSS-.5V 


V 


'out = 


Rqh 


I/O Output "0" Resistance (4009 only) 




.25 


1.0 


kn 


Vqut ~ Vss ■"•5 


Iql 


I/O Output "1 " Sink Current (4009 only) 


5 


12 




mA 


V0UT = Vss-.5V 


lOL 


I/O Output "^" Sink Current (4009 only) 


1.6 


4 




mA 


V0UT = Vss -4.85V 


Iqf 


I/O Output "1" Clamp Current (4009 only) 


16 


mA 


VoUT = Vss -6V 


CAPACITANCE 


C0 


Clock Capacitance 




8 


15 


pF 


V|N = Vss 


Cdb 


Data Bus Capacitance 




7 


10 


pF 


V|N = Vss 


Qn 


Input Capacitance (4008 only) 


10 


PF 


V|N = Vss 


CrN 


Input Capacitance (4009 only) 


15 


pF 


V|N = Vss 


COUT 


Output Capacitance 


10 

1 _, .„ ... _ .„ .. ., _ _ , . . 


PF 


V|N = Vss 



Notes: 1. The address lines will drive a TTL load if a 470n resistor is connected In series between the address output and the TTL input. 

2. A 6.8kn resistor must be connected between Pin W and Vdd ^or TTL capability. 

3. Resistors in series with TTL inputs may be required to limit current into Vdd or Vss ^""O"^ TTL input clamp diodes. 

4. TTL Vqh = 2.4V will ensure 4009 Vjh = Vss -1-5 via the 4009 latch. Refer to Figure 3. 
^-62 



4008/4009 



A.C. Characteristics 



Ta = 0°C to 70° C, Vss -Vdd = 15V ±5% 



Symbol 


Parameter 


Limit 
Min. Typ. Max. 


Unit 


Test Conditions 


tcY 


Clock Period 


1.35 


2.0 


Msec 




t0R 


Clock Rise Time 


50 


ns 




t0F 


Clock Fall Times 


50 


ns 




t0pw 


Clock Width 


380 


480 


ns 




t0D] 


Clock Delay 01 to 02 


400 


500 


ns 




t0D2 


Clock Delay 02 to 0i 


150 


ns 




tw 


Data-in, CM, SYNC Write Time 


350 100 


ns 




tHn.3] 


Data-in, CM, SYNC Hold Time 


40 20 


ns 




tost2l 


Set Time (Reference) 





ns 




tACC 


Data-Out Access Time 
Data Lines 
SYNC 
CM-ROM 
CM-RAM 


930 
930 
930 
930 


ns 
ns 
ns 
ns 


COUT = 

500 pF Data Lines 
500pF SYNC 
160pF CM-ROM 
50pF CM-RAM 


tOH 


Data-Out Hold Time 


50 150 


ns 


CoUT = 20pF 


tA1 


Address to Output Delay at Ai , Xi (4008) 


580 


ns 


Cl = 250pF 


tA2 


Address to Output Delay A2 (4008) 


580 


ns 


Cl = 250pF 


tcs 


Chip Select Output Delay at A3 (4008) 


300 


ns 


Cl = 50pF 


tWD 


W Output Delay (4008) 


600 


ns 


Cl = 1 0OpF 


tFD 


F/L Output Delay (4008) 


0.1 


1 


MS 


Cl = 100pF 


twi 


Data In Write Time (4009) 


470 


ns 


Cl = 200pF on data bus 


to 


I/O Output Delay (4009) 


1.0 


MS 


Cl = 300pF 


tsi 


IN Strobe Delay (4009) 


450 


ns 


Cl = 50pF 


tS2 


OUT Strobe Delay (4009) 


1.0 


MS 


Cl = 50pF 



i 



Notes: 1. tn measured with t0R = lOnsec. 

2. tACC Is Data Bus, SYNC and CM-line output access time referred to the 02 trailing edge which clocks these lines out. tQS Is 
the same output access time referred to the leading edge of the next 02 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state until 
the 4004/4040 takes over the data bus at Xi and X3 time. Therefore the tn requirement is always insured since each 
component contributes lOjuA of leakage current and 10pF of capacitance which guarantees that the data bus cannot change 
faster than 1V//is. 
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Timing Diagram 



1 


Ai 


1 


A2 






A3 


1 




^1 




1 ". 1 




Xi 




1 


X2 










X3 




1 




*1 


/ 


u 


\ 




U U 


L_ 


L 




J 


/ 














_l 


























-LT 




J 


— 




u 




u 

-—330 ns 






J 


J 






J 






SYNC 1 








\ 


r 


IF NOT SECOND CYCLE OF 2 CYCLE ll\ISTRUCTION (4040 ONLY) 


\ 


/ 






/ 






1 












CM-ROM 










;; '^°- / 








\ 


SRC 


/ 
























Ao ~ A3 (4005) 




~Y 
















X 


SRC REGISTER LOW 4 BITS 












V- 


























A4 ~ A7 (4008) 




X 












SRC REGISTER HIGH 4 BITS 








-^ 


tA2 


*- ^ 


tcs 


- 








X 












Co ~ C3 (4008) 






X 










SRC REGISTER HIGH 4 BITS (except WPM) 






EXTERNAL MEMORY 
CHIP SELECT ACCESS TIME" "~^ 




^ 






--.AV 














U, ~Ub 
(FROM ROM OR RAM) 






X 




PROGRAM INSTRUCTION 








































DATA BUS 
(4009) 






X 
























^ EXTERNAL MEMORY _^ 








'WD— «- 




k- 




'wo— ► 




*- 




W (4008) 






if WPM 





\ 


















F/L (4008) 


»FD-*- 


\ 




HIGH FOR FIRST WPM, LOW FOR SECOND WPM 


^ 




*- 




-e to 


A 




tFD-* 


P- 


I/O OUTPUT (4009) 






-FLOAT 




























NSTR. 




1 






IN STROBE (4009) 




<si— * 




\ IF RDR 


/ 


*- 


IF WRR 






h— 'si"*" 






NSTR. 




OUT STROBE (4009) 




1 


«S2-* 


\ 




/ 


— tS2 




DURING SHADED 1 


riME \ 

1 


-.- -* 


r 








I/O INPUT (4009) 


OONT CARE 


liliiiiil 


DON'T CARE 



•EXTERNAL MEMORY CHIP SELECT ACCESS TIME MUST BE LESS THAN OR EQUAL TO 900ns. 



Figure 1. 4008 and 4009 Timing Diagram. 



J 



DATA BUS, CM 
(INPUTS) 



DATA BUS, CM 
(OUTPUTS) 



-L 



10% 
90% 



\ 



y. 



]( 



K^^ 



'oh f- 



— I <"* 



h\\- 



I/O INTERNAL 




C°' A^ 



Figure 2. MCS-40 Timing Detail. 



EXPLANATION: 

WITH Vss = +5V and Vqd = -10V, AN EXTERNAL TTL INPUTTING TO 
THE 4289 ON THE I/O LINE, RAISES THE I/O LINE TO 2.4V. THE Q1-RA 
INVERTER TURNS "OFF" AND 02 PULLS THE I/O LINE TO Vss- A LOW 
TTL SIGNAL OVERRIDES 02. IF THE TTL OUTPUT GOES TO THE THIRD 
STATE, THE EXTERNAL I/O LINES REMAIN HIGH THROUGH 02. 
THE PURPOSE OF THIS CIRCUIT IS TO REMOVE RESISTORS TO 



^00 = Vss 



Voo ON TTL OUTPUTS, AS R| DOES ON 4001/4308 IIMPUT PORTS. 



Figure 3. 4009 I/O Latch. 
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intel 4289 

STANDARD MEMORY INTERFACE 



Direct Interface to all Standard 
Memories 

Allows Read and Write Program 
Memory 

Single Package Equivalent of 
4008/4009 

TTL Compatible Address, Chip 
Select, Program Memory Data 
Lines 



■ 40 Pin Dual In-Line Package 

■ Standard Operating 
Temperature Range of 
0° to 70° C 

■ Also Available With 
-40° to +85° C Operating 
Range 



The 4289 standard memory interface and I/O interface enables the CPU devices to utilize standard memory components as 
program data memory. Notably, PROMs (4702A), RAMs (2102) and ROMs can be arranged in a memory array to facilitate 
system development. Programs generated using the 4289 interface can be committed to 1^/108-40^" ROMs (4308 and 4001) with 
no change to software. 

The 4289 also contains a 4 bit bi-directional I/O port and necessary steering logic to multiplex a host of I/O sources to the CPU. 
The Read and Write Program Memory instruction allows the user to store data and modify program memory. The device directly 
addresses 4K of program memory. The address is obtained sequentially during A1-A3 states of an instruction cycle. The eight 
bit instruction is presented to the CPU during Mi and M2 states of the instruction cycle via the four bit data bus. 

The 4289 stores the SRC instruction operand as an I/O address and responds to the ROM I/O instructions (WRR and RDR) by 
reading or writing data to and from the processor and 4289 I/O bus. 



BLOCK DIAGRAM 



i 





DATA BUS 

INPUT/OUTPUT 

BUFFERS 



H 



INSTRUCTION 

AND INPUT 
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H 
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TV 



:> 



SRC 

REG. 

(UPPER) 
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PIN CONFIGURATION 



DoC 






40 


3 Vdd 


cc 






39 


D'/Oo 


0.C 






38 


D'/o, 


-3i: 






37 


Juo, 


OPRO \2 






36 


D'/Oj 


0PR1 Q 






35 


U \'dd, 


0PR2 [^ 






34 


I|C3 


0PR3 [^ 






33 


Dc. 


OPAO Q 


^ 




32 


Dc 


OPAlC 


10 




31 


Dco 


0PA2 Q 


11 


4289 


30 


Ha, 


0PA3 Q 


12 




29 


DAs 


«,(: 


13 




28 


Das 


cE 


14 




27 


Da. 


SYNC [^ 


15 




26 


I]A3 


CMC 


16 




25 


Da, 


RESET \2 


17 




24 


Da, 


.c 


18 




23 


Dao 


OUT [Z 


19 




22 


D^/L 


VssC 


20 




21 

1 


Hpm 



i 



Pin Description 

Designation/ 
Pin No. Type of Logic 



Description of Function 



1-4 Do-D3/Neg. 



5-8 OPR0-OPR3/P0S. 



9-12 OPA0-OPA3/P0S. 



13-14 01-02/Neg. 



15 SYNC/Neg. 



Bidirectional data bus. All ad- 
dress, instruction and data 
communication between proc- 
essor and the PROGRAM 
MEMORY or I/O ports is trans- 
mitted on these 4 pins. 

The high order 4 bits (OPR) of 
the instruction or data (RPM) 
from the PROGRAM MEM- 
ORY are transferred to the 
4289 on these pins. 

The low order 4 bits (OPA) of 
the instruction or data (RPM) 
are transferred to the 4289 on 
these pins. 

Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 

Synchronization input signal 
driven by SYNC output of 
processor. 



16 



17 



18 



19 



20 



21 



35 



36-39 



40 



CM/Neg. 



RESET/Neg. 



IN/Neg. 



OUT/Neg. 



Vss 
PM/Neg. 



22 F/L/Neg. 



23-30 A0-A7/P0S. 



31-34 C0-C3/P0S. 



'DD1 



i/03-l/Oo/Pos. 



'DD 



Command input driven by 
CM-ROM output of processor. 
Used for decoding SRC and 
I/O instructions. 

RESET input. A negative logic 
"1" level (Vdd) applied to this 
input resets the FIRST/ LAST 
flip-flop. 

Output signal, active low (Vdd)» 
generated by the 4289 when 
the processor executes an RDR 
or RPM instruction. 

Output signal, active low (Vdd)' 
generated by the 4289 when 
the processor executes a WRR 
or WPM instruction. 

Most positive supply voltage. 

Output signal, active low (Vdd)# 
generated by the 4289 when 
the processor executes an RPM 
or WPM instruction. 

Output signal generated by the 
4289 to indicate which half- 
byte of PROGRAM MEMORY 
is to be operated on (Vdd - 
OPR, Vss = OPA). 

Address output buffers. The 
demultiplexed address values 
generated by the 4289 from 
the address data supplied by 
the processor at Ai and A2. 

Chip select output buffers. The 
address data generated by the 
processor at A3 or during an 
SRC are transferred here. 

Supply voltage for address and 
chip select buffers. 

Bidirectional I/O data port. 
Data to and from I/O devices 
or data to write PROGRAM 
MEMORY are transferred via 
these pins. 

Main power supply pin. Value 
must be Vss - 15V ±5%. 
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Functional Description 

The 4289 enables the 4 bit CPU chip (4004 or 4040) to 
interface to standard memory components. This allows 
construction of prototype or small volume systems using 
electrically programmable ROMs or RAMs in place of 4001 
or 4308 mask programmable ROMs. Since 4001s or 4308s 
also contain up to 16 mask programmable I/O ports, the 
4289 has provisions for directly addressing 16channelsof4 
bit I/O ports. In its role as a Memory and I/O interface 
device, the 4289 provides three different types of operation, 
namely: 

a. Interface to Program Memory for instruction fetch 
operations. 

b. Interface to Input/Output ports for storing or fetching 
data using WRR, RDR instruction. 

c. Interface to R/W Program Memory for program 
alteration using WPM, RPM instructions. This feature 
may also be used for storing or fetching data, thus 
allowing the use of standard R/W RAM for data 
storage via the 4289. 

These three basic operations will be discussed in detail in 
the following paragraphs. 

Instruction Execution 

The contents of the data bus at A^, A2, and A^are latched 
by the 4289 and transferred to the address and chip select 
output buffers. The low order address at A-| is transferred to 
A0-A3 outputs, the middle order address at Ag is transferred 
to A4-A7 outputs and the high order address at A3 is 
transferred to C0-C3 outputs. These 12 output lines provide 
the necessary address and chip select signals to interface to 
a 4K X 8 bit Program Memory. 

The 8 bit word selected by A0-A7 and C0-C3 is transferred 
to the processor via the OPR0-3, OPA0.3 input lines and the 
data output buffer. The high order bits (OPR) are 
transferred at Mi and the low order 4 bits (OPA) are 
transferred at M2. 

The 4289 has been designed to work equally well with 
either the 4004 or 4040 processor elements. Since the 4040 
is provided with two CM-ROM controls which allow it to 
directly address up to 8K x 8 bits of Program Memory (4K x 8 
bits selected by each CM-ROM control), two 4289s would 
be required for full memory capability. In this case, one 4289 
would be controlled by CM-ROMo and the other by CM- 
ROM1. The 4289 which receives CM at A3 would be enabled 
to transfer data at Mi and M2. 

It should be noted that the two CM-ROM controls permit 
the simultaneous use of 4001, 4308, and 4289 in the same 
system. The ROM's 4001 and 4308 can be mixed and 
assigned to one CM-ROM control line while a single 4289 
can be assigned to the other. However, within one CM-ROM 
control line, 4289, 4001, and 4308 cannot be mixed, since 
the 4289 does respond to a full 4K of memory by its design 
and thus would overlap program memory address with the 
4001 or 4308. 

I/O Port Operation 

When the processor executes an I/O port instruction 
(WRR or RDR), a previously selected I/O port (via an SRC 
instruction) is enabled to receive or transmit 4 bits of data. In 



the case of WRR, the selected output port receives the 4 bit 
contents of the processor accumulator, and in the case of 
RDR, the selected input port transmits 4 bits of data to the 
processor accumulator. The 4 bit value sent out at X2time of 
the SRC instruction is used as the port address. Since the 
4289 is capable of addressing 16 4 bit I/O ports, it must 
therefore be capable of storing the SRC address sent by the 
processor and presenting that address to the external I/O 
port selection logic for WRR or RDR instructions which 
follow. To accomplish this, the 4289 behaves as follows: 

a. When the processor executes an SRC instruction, the 
4289 stores the address sent out by the processor at X2 
and X3. The contents of the upper 4-bits of the SRC 
register are transferred during every X-| time to the 
chip select lines and are available for subsequent I/O 
instructions' port selection. 

b. When the processor then executes a WRR instruction, 
the 4289 latches the data sent out by the processor at 
X2 and transfers this data to the I/O output buffer. This 
buffer is enabled during X3 and transmits the data to 
the selected output port. So that external port logic 
may be enabled to receive the data, the 4289 
generates the OUT strobe signal. 

c. When the processor executes an RDR instruction, the 
4289 generates the IN strobe. This enables the 
selected input port to transmit its data to the I/O bus, 
where it is latched by the 4289 and transferred to the 
processor at X2. 

Note that in a system using ROMs, the 4 bit port number 

. is decoded by the ROM chip itself. Where a 4289 is used, the 

4 bit port number outputted at the chip select lines C0-C3 

must be externally decoded to select the appropriate I/O 

device. 

Read/Write Program Memory Operations 

If the 4289 is used in conjunction with the 4040, both the 
WRITE and READ PROGRAM MEMORY (WPM/RPM) 
functions are directly available (only the WPM is available 
for 4004 systems). To accomplish these operations, the 
following are required: 

a. A program memory address. 

b. The proper control signals. 

c. A means of transmitting the data to be stored or 
fetched. 

The 4289 provides all of these as described below. 
Program Memory Address 

The address for an RPM or WPM operation is provided by 
the 8 bit contents of the SRC register. Note that the RPM or 
WPM instruction must have been preceded by an SRC 
instruction which loaded an 8-bit address into the4289's 
SRC register. This 8-bit address isthe full address of an 8-blt 
word in one Read/Write Program Memory page (256 bytes). 
If more than one page of Read/Write Program Memory is 
desired, these pages must be selected by external logic 
controlled via other output ports of the system. At Xi of 
every instruction cycle the 8 bit value contained in the SRC 
register is transferred to the address output buffers A0-A7. 
This address will select lout of 256 prog ram memory words. 

During execution of WPM or RPM, the 4289 does not 
transfer the high order 4 bits of the SRC register to C0-C3. 
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Instead, it forces all 4 chip select output buffers to a logic "1 " 
state (positive true logic or Vss)- This forcing of Co-Cgto all 
"1s" can be used to indicate the execution of a WPM or RPM 
instruction. The PM output signal is also generated 
whenever a proper memory operation (WPM or RPM) is 
being performed. If only one page of R/W memory is 
required, the 1111 condition on C0-C3 or the PM signal can 
be used to enable that page. If more than one page is 
required, an additional output port of the system along with 
external logic will be necessary to provide the 1 out of 16 
page select function. 

Since the program memory^ is organized as 8 bit words, 
and since RPM and WPM are transmitting only 4 bit words, it 
is also necessary to specify either the upper or lower half- 
byte of program memory. 

This is done automatically by a FIRST/LAST flip-flop and 
output signal in the 4289. The state of this flip-flop is used to 
generate the control signal F/L which determines the proper 
half-byte of program memory. If F/L is a logic "1" state 
(Vdd). OPR 's selected. When F/L is a logic "0" (Vss). OPA is 
selected. The user can directly reset the FIRST/LAST flip- 
flop to logic "0" (Vss) '" the 4289 by applying a RESET 
signal. 

Starting from a "reset" condition the FIRST/LAST flip- 
flop automatically toggles after executing either an RPM or 
WPM Instruction. Hence, odd numbered program memory 
operations select OPA and even numbered program 
memory operations select OPR (starting with #1 from reset). 
Alternate WPM and RPM instructions should be used with 
care since this can cause an out of sequence with the F/L 
line. 

The OUT strobe signal is generated only during WRR 
and WPM instructions. Hence, the combination of the PM 
signal (or C0-C3 = 1111) and the OUT signal can be used as 
a WRITE ENABLE for R/W program memory. 



Program Memory Data Paths 

When the processor executes the WPM instruction, the 
4289 latches the data sent out at X2 by the processor and 
transfers It via the I/O output buffers to the I/O port. The I/O 
port must be connected to the data Input pins of the R/W 
memory chips. (Refer to Figure 2 which follows.) 

If the processor (4040) executes the RPM instruction, 
then the entire 8 bit program memory word is transferred to 
the OPRQ-OPR3 and OPA0-OPA3 inputs of the 4289. 
Depending on the state of the F/L signal, either the OPA or 
the OPR half-byte is automatically selected by the 4289. 



Data Storage 

If Read/Write Memory is Interfaced to via a 4289 and is 
used for data storage only, the data is accessed via the WPM 
and RPM instructions just as Read/Write Program Memory 
would be accessed. The only difference that the chip select 
lines C0-C3 are never used to select the Read/Write Memory 
in an instruction fetch operation. The PM pulse would be 
used to select the Read/Write data memory. 

Ndte that the RAM Instructions RDM, WRM, WR0-WR3, 
RD0-RD3, SBM and ADM cannot be used to access this 
type of data Read/Write memory. 



4008/4009 and 4289 Differences 

The functional differences between a 4289 and a 
4008/4009 Standard Memory Interface component pair are 
as follows: 

1. The PM pulse of the 4289 (negative logic) is inverted 
in comparison with the W pulse of the 4008 (positive 
logic). 

2. The W pulse of the 4008 begins in X2 and ends in X3. 
The 4289's PM pulse begins in XI and ends in A1. 

3. The OUT strobe of the 4289 goes to logical 1 (Vdd) for 
the WRR instructions and the WPM instructions. The 
OUT strobe of the 4009 goes to logical 1 (Vdd) for the 
WRR instruction only. 

4289 Applications 

The 4289 can be used to form systems of widely varying 
complexity. Simple systems containing only one page (256 
X 8) of PROGRAM MEMORY and few I/O ports, or more 
complex systems requiring as many as 32 pages (8K x 8) of 
memory and 32 I/O ports can readily be implemented. 
Several examples will be described here. 

1. Basic PROM Microcomputer System (Figure 1). This 
system contains: 

a. 1 K X 8 bits of PROGRAM MEMORY (4702A PROM) 

b. 1280 bits of DATA MEMORY (4002 RAM) 
organized as 16 20-character registers 

c. 4 RAM output ports (4002) 

d. 4 I/O ports. 

This system uses a 3205 1 out of 8 decoder to decode 
the input port addressed by the CPU. Two chip select 
signals (Co and Ci) are combined with the IN signal, which 
is activated low to indicate an input operation, to select one 
of four input ports. The 3205 enables one DM 7098 three- 
state buffer. 

In a similar manner, one 3205 and the OUTsignal, which 
is activated to indicate an output operation, are used to 
select one of four output ports. 

2. Standard PROM and RAM Memory System (Figure 2). 
This system again contains 4 pages of PROM storage 
but, in addition, has one page of RAM storage which 
can be used for either PROG RAM or DATA storage by 
using the WPM/RPM instructions. (The RPM instruc- 
tion is valid only with the 4040.) The RAM storage has 
been implemented with two 4101's (256 x 4 static 
RAM). Notice that separate WRITE ENABLE signals 
must be generated for the upper and lower half-bytes 
of RAM. 

Note that the inputs to the 4101 RAMs are connected to 
the 4289 I/O port while their outputs are connected directly 
to the OPR-OPA lines. 

The 4101 RAMs can be chip selected through their active 
low chip select lines in either of two cases: 

1. By an address decode of 4 when the RAMs are 
addressed as Program Memory for instruction fetch. 

2. By the PM signal when addressed as a RAM read or 
write via an RPM or WPM instruction. For write 
operations, the TTL logic shown selects one of the 
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4289 



two 4101 Read/Write lines according to the F/L signal 
of the 4289. 

The TTL buffers are placed on the data bus to facilitate 
the compatability between the NMOS RAMs and the PMOS 
PROMS. The inverters limit the negative excursion of the 
PROM outputs which may damage the RAMs. The TTL pull- 
up is required to ensure the V|h threshold level. 

3. Two Memory Bank System (Figure 3). Two 4289s are 
used in this 4040 system giving addressability to a full 
8K bytes of PROM memory. In this case each 4289 is 
controlled from a separate CM-ROM control signal. 
The CM-ROMo and CM-ROM1 lines are generated by 
the 4040. This system cannot be implemented with 
the 4004. 



4289, 4702A System Considerations 

1. When utilizing the 4289 with more than six 4702As,a 
TTL buffer as shown in Figure 4 should be inserted in 
series with the OPR, OPA lines to achieve maximum 
clock rate. The buffer may be inverting or non- 
inverting. 

However, use of a 5.1 KO resistor on the 4702A output 
to Vss will allow up to 6 x 4702As to be used without 
TTL buffers and still achieve maximum clock rate. 

2. 4702A access times to meet MCS-40 at tcv = 1 .35/x sec 
are guaranteed with pure capacitive load of 75pF and 
with load of 240pF plus a TTL buffer on the 4702A 
output. 

To operate with more than 6 x 4702A without TTL 
buffer, the limiting specification is tco and this 
increases 5 nsec/pF for capacitance above 75pF; 
MCS-40 tcY must be increased 2.5ns/pF. 
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Figure 4. 4289 and 4702A Biocl( Diagram. 
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4289 
Absolute Maximum Ratings^ 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -55°C to + 125°C 

Input Voltages and Supply Voltage 

with respect to Vss +0.5V to -20V 

Power Dissipation 1.0 Watt 

D.C. and Operating Characteristics 

Ta = 0°C to 70° C; Vss "Vdd = 15V ±5%; t^pw = t^pi = 400 nsec; 1^02 = 150 nsec; 4289 Vddi = Vss -5V. Logic "0" is defined 
as the more positive voltage (V|h, Vqh)) Logic "1" is defined as the more negative voltage {V|l, Vol)*' Unless Otherwise Specified. 

SUPPLY CURRENT 



'COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


'dd 


Average Supply Current 




30 


40 


mA 


Ta = 25°C 


INPUT CHARACTERISTICS-ALL INPUTS EXCEPT I/O PINS 












Ili 


Input Leakage Current 


10 


ma 


V|L = Vdd . 


V|H 


Input High Voltage (Except Clocks) 


Vss-1.5 




VSS+.3 


V 




V,L 


Input Low Voltage (Except Clocks) 


Vdd 




Vss-5.5 


V 




V|LO 


Input Low Voltage 


Vdd 




Vss-4.2 


V 


OPR/OPA 


V,HC 


Input High Voltage Clocks 


Vss-1.5 




Vss+.3 


V 




ViLC 


Input Low Voltage Clocks 


Vdd 




Vss-13.4 


V 




OUTPUT CHARACTERISTICS-ALL OUTPUTS EXCEPT I/O PINS 


Ilo 


Data Bus Output Leakage Current 


10 


MA 


VouT = -12V 


VOH 


Output High Voltage 


VSS-.5V 


Vss 




V 


Capacitive Load 


lOL 


Data Lines Sinking Current 


8 


15 




mA 


VoUT = Vss 


loJ^^ 


Address Line Sinking Current 


7 


13 




mA 


Vout = Vss, 
Vddi -Vdd 


lOL 


In, Out, F/L, PM Sinking Current, Chip Select 


1.6 


4 




mA 


VouT = Vss -4.85 
Vddi = Vdd 


VoLt2] 


Chip Select Output Low Voltage 


Vddi +-5 


V 


Iql = •4mA 


Vol 


Output Low Voltage, Data Bus, CM, SYNC 


Vss-12 




Vss-6.5 


V 


l0L = 0.5mA 


ROH 


Output Resistance, Data Line "0" Level 




150 


250 


n 


VouT = Vss -.5V 


ROH 


Address, Chip Select Output Resistance, "0" Level 




.6 


1.2 


kO, 


VoUT = Vss-.5V 


I/O INPUT CHARACTERISTICS 


I LI 


Input Leakage Current 


10 


ma 




V,h[3] 


Input High Voltage 


Vss-1.5 




VSS+.3 


V 




V,L 


Input Low Voltage 


Vdd 




Vss-4.2 


V 




I/O OUTPUT CHARACTERISTICS 


VoH 


Output High Voltage 


VSS-.5V 


V 


•out = 


RoH 


I/O Output "0" Resistance 




.25 


1.0 


kl2 


VouT = Vss-.5 


lOL 


I/O Output "1 " Sink Current 


5 


12 




mA 


VouT = Vss-.5 


k)L 


I/O Output "1 " Sink Current 


1.6 


4 




mA 


VoUT = Vss -4.85V 


ICF 


I/O Output "1" Clamp Current 


10 


mA 


VoUT = Vss-6V 



Notes: 1. The address lines will drive a TTL load if a 470n resistor is connected in series between the address output and the TTL input. 

2. 4289 Address (A0-A7) Outputs are also tied to Vpoi but are tested with capacitive load only. 

3. TTL VoH = 2.4V will ensure 4289 V|h = Vss -1 -SV via the 4289 latch. Refer to Figure 5. 
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4289 

D.C. and Operating Characteristics (continued) 

CAPACITANCE 



Symbol 


Parameter 


Limit 
Min. Typ. 


Max. 


Unit 


Test Conditions 


C0 


Clock Capacitance 


14 


20 


PF 


V|N = Vss 


Cdb 


Data Bus Capacitance 


7 


10 


pF 


V|N = Vss 


C|N 


Input Capacitance 


15 


pF 


V|N = Vss 


COUT 


Output Capacitance 


10 


pF 


V|N = Vss 



4289 Iql vs. Vol (FOR I/O PINS) 



4289 Idd vs. temperature 
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\j 
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" 
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i 




I/O INTERNAL 



^SS Vss 



EXPLANATION: 

WITH Vss = +5V and Vdd = -10V, AN EXTERNAL TTL INPUTTING TO 

THE 4289 ON THE I/O LINE, RAISES THE I/O LINE TO 2.4V. THE Q1-RA 

INVERTER TURNS "OFF" AND 02 PULLS THE I/O LINE TO Vss. A LOW 

TTL SIGNAL OVERRIDES 02. I F THE TTL OUTPUT GOES TO THE THIRD 

STATE, THE EXTERNAL I/O LINES REMAIN HIGH THROUGH 02. 

THE PURPOSE OF THIS CIRCUIT IS TO REMOVE RESISTORS TO 

^cc = Vjs ON TTL OUTPUTS, AS R| DOES ON 4001/4308 INPUT PORTS. 



Figures. 4289 1/0 Latch. 
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A.C. Characteristics 

Ta = 0°C to 70°C, Vss -Vdd = 15V ±5% 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


tCY 


Clock Period 


1.35 




2.0 


iusec 




t0R 


Clock Rise Time 


50 


ns 




t0F 


Clock Fall Time 


50 


ns 




t0PW 


Clock Width 


380 




480 


ns 




t0D1 


Clock Delay 0i to 02 


400 




550 


ns 




t0D2 


Clock Delay 02 to 0i 


150 


ns 




tw 


Data-in, CM, SYNC Write Time 


350 


100 




ns 




tHn,3] 


Data-in, CM, SYNC Hold Time 


40 


20 




ns 




tost2l 


Set Time (Reference) 





ns 




tACC 


Data-Out Access Time 
Data Lines 
SYNC 
CM-ROM 
CM-RAM 


930 
930 
930 
930 


ns 
ns 
ns 
ns 


C0UT = 

500pF Data Lines 
500pF SYNC 
leOpF CM-ROM 
50pF CM-RAM 


tOH 


Data-Out Hold Time 


50 


150 




ns 


CoUT = 20pF 


tAI^^] 


01 to Output Delay Ai 




400 


1000 


ns 


Cl = 250pF;Ao-A3 


tTAlf^' 


Data Bus to Output Delay Ai 




500 


700 


ns 


Cl = 250pF;Ao-A3 


tA2t4i 


01 to Output Delay A2 




400 


580 


ns 


Cl = 250pF;A4-A7 


tTA2f4J 


Data Bus to Output Delay A2 




500 


700 


ns 


Cl = 250pF;A4-A7 


tcsf4,5] 


01 to Chip Select Output Delay A3 




150 


350 


ns 


Cl = 50pF 


t-rcl4,5] 


Data Bus to Chip Select Output Delay A3 




250 


350 


ns 


Cl = 50pF 


twiD 


OPR to Data Bus Delay 




250 


350 


ns 


CouT = 20pF, Data Bus 


tSRC 


Output Delay at Xi Time 




400 


700 


ns 


Cl = 250pF 


tsi 


IN Strobe Delay Time 


500 


ns 


Cl = 50pF 


tS2 


OUT Strobe Delay Time, Falling 


500 


ns 


Cl = 50pF 


tPD 


F/L and PM Delay Time 




300 


500 


ns 


Cl=100pF 


tw,i/o 


I/O Input Write Time 


400 


250 




ns 




tH.I/0 


I/O Input Hold Time 


40 







ns 




tD,l/0 


I/O Output Delay Time 




400 


1000 


ns 


Cl = 300pF 


twi 


Data In Write Time 


350 


ns 


CoUT = 200pF, Data Bus 



Notes: I. tn measured with t^R = lOnsec. 

2. TacC 's ^3^^ B"S' SYNC and CM-line output access time referred to the 02 trailing edge which clocks these lines out. tQS >s 
the same output access time referred to the leading edge of the next 02 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state 
until the 4004/4040 takes over the data bus at Xi and X3 time. Therefore the tn requirement is always insured since each 
component contributes lOjuA of leakage current and lOpF of capacitance which guarantees that the data bus cannot change 
faster than 1 V/ms. 

4- tAIr tA2. tcs 3PP'y if l^3^3 Bus is valid before 0i trailing edge. tjA» tjC aPPly if Data Bus becomes valid after 0i trailing edge. 
5. Measured at output of 3205 decoder. 
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Figure 6. MCS-40 Timing Detail. 
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Figure 7. MCS-40 Timing Diagram for 4289; 
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intel 4002 

320 BIT RAM AND 4 ti\T OUTPUT PORT 



Four Registers of 20 4 Bit 
Characters 

Direct Interface to MCS-40'^ 
4 Bit Bus 

Output Port Low-Power TTL 
Compatible 



■ 16 Pin Dual In-Line Package 

■ Standard Operating 
Temperature Range of 
0° to 70° C 

■ Also Available With -40'' 
to +85°C Operating Range 



The 4002 performs two distinct functions. As a RAM it stores 320 bits arranged in 4 registers of twenty 4 bit cliaracters each (16 
main memory characters and 4 status characters). As a vehicle of communication with peripheral devices, it is provided with 4 
output lines and associated control logic to perform output operations. The 4002 is a PMOS device and is compatible with all 
MCS-40^*' components. 

The 4002 is available in two options, the 4002-1 and 4002-2. Along with an external pin connected to either Vqd or Vss, a two bit 
chip selection address is provided allowing a maximum of 1280 bits of 4002 RAM on a single MCS-40 CM-RAM line. Thus, the 
four CM-RAM lines give a maximum of 5120 bits of 4002 RAM in an MCS-40 system. 



PIN CONFIGURATION 
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4002 



Pin Description 

Pin No. Designation 



Description of Function 



1-4 



D0-D3 



5 
6-7 



vss 

01-02 
SYNC 
RESET 



10 



Po 



Bidirectional data bus. All ad- 
dress, instruction and data 
communication between proc- 
essor and the RAM MEMORY 
or the output, port is trans- 
mitted on these 4 pins. 

Most positive supply voltage. 

Non-overlapping clock signals 
which are used to generate the 
basic chip timing. 

Synchronization input signal 
driven by SYNC output of 
processor. 

RESET input. A logic negative 
level (Vdd) applied to the chip 
will cause a clear of all output 
and control static flip-flops and 
will clear the RAM array. To 
completely clear the memory, 
RESET must be applied for at 
least 32 instruction cycles (256 
clock periods) to allow the in- 
ternal refresh counter to scan 
the memory. During RESET 
the data bus output buffers are 
inhibited (floating condition). 

The chip number for a 4002 is 
assigned as follows: 

SRC ADDRESS 
(RRR EVEN) 



Chip No. 


4002 Option 


Po 


D3D2 





4002-1 


Vss 





1 


4002-1 


Vdd 


1 


2 


4002-2 


Vss 


1 


3 


4002-2 


Vdd 


1 1 



11 

12 
13-16 



CM 

Vdd 
O3-O0 



Command input driven by 
CM-RAM output of processor. 
Used for enabling the device 
during the decoding SRC and 
instructions. 

Main power supply pin. Value 
must be Vss- 15V ±5%. 
Four bit output port used for 
transferring data from the CPU 
to the users system. The out- 
puts are buffered and data re- 
mains stable after the port has 
been loaded. This port can be 
made low power TTL compat- 
ible by placing a 1 2K pull-down 
resistor to Vdd o" each pin. 



Functional Description 

The twenty 4 bit characters for each 4002 register are 
arranged as follows: 

1. 16 characters addressable by an SRC instruction. 
Four 16 character registers constitute the "main" 
memory. 

2. 4 characters addressable by specific RAM instruc- 
tions. Four 4 character registers constitute the "status 
character" memory. 

The status character location (0 through 3) as well as the 
operation to be performed on it are selected by the OPA 
portion of the I/O and RAM instructions. 

The RAM Registers Locations, Status Characters, and 
Output Port are select and accessed with a corresponding 
RAM Instruction. 

There can be up to four RAMS per RAM Bank 
(CM-RAM). There can be four RAM banks per system with- 
out decoding or 8 with decoding. 

Bank switching is accomplished by the CPU after receiving 
a "DCL" (designated command line) instruction. Prior to 
execution of the DCL instruction the desired CM-RAM code 
has been stored in the accumulator (for example through an 
LDM instruction). During DCL the CM-RAM code is trans- 
ferred from the accumulator to the CM- RAM register. The 
RAM bank is then selected starting with the next instruction. 

If no DCL is executed prior to SRC, the CM-RAMq will 
automatically be activated at the X2 state of the instruction 
cycle provided that RESET was applied at least once to the 
system (most likely at the start-up time). 



Instruction Execution 

An SRC (Send Register Control) instruction is executed 
to select a RAM and a character within that RAM (for a RAM 
read or write instruction) prior to the succeeding RAM or 
I/O instruction's execution. 

The eight bits of the register pair addressed by the SRC 
instruction are interpreted as follows: 

a. The first four bits sent out at X2 time select one out of 
four chips and one out of four registers. The two higher 
order bits (D3, D2) select the chip and the two lower 
order bits (Di, Dq) select the register. 

b. The second 4-bits (X3 time) select one 4-bit character 
out of 16. The address is stored in the address register 
of the selected chip (second 4 bits are not used for 
status character reads or writes or for I/O output in- 
structions). 

The following RAM and I/O output instructions are executed 
by the 4002. 

1. RDM Read RAM character 

The content of the previously selected RAM main 
memory character is transferred to the accumulator. 
The 4 bit data in memory is unaffected. 
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2. RDO-3 Read RAM status characters 0-3 

The 4 bits of status characters 0-3 for the previously 
selected RAM register are transferred to the 
accumulator. 

3. WRM Write accumulator into RAM character 

The accumulator content is written into the pre- 
viously selected RAM main memory character 
location. 

4. WRO-3 Write accumulator into RAM status charac- 
ters 0-3 

The content of the accumulator is written into the 
RAM status characters 0-3 of the previously selected 
RAM register. 

5. WMP Write memory port 

The content of the accumulator is transferred to the 
RAM output port of the previously selected RAM 
chip. The data is available on the output pins until a 
new WMP is executed on the same RAM chip. The 
content of the ACC and the carry/link are unaffected. 
(The LSB bit of the accumulator appears on Oq, Pin 
16 of the 4002.) 

6. ADM Add from memory with carry 

The content of the previously selected RAM main 
memory character is added to the accumulator with 
carry. The RAM character is unaffected. 

7. SBM Subtract from memory with borrow 

The content of the previously selected RAM charac- 
ter is subtracted from the accumulator with borrow. 
The RAM character is unaffected. 



Timing Considerations 

Presence of CM-RAM during X2 tells 4002's that an SRC 
instruction was received. For a given combination of data at 
X2 on D2, D3, only the chip with the proper option 
and Pq state will be ready for the I/O or RAM operation that 
follows. 

When an I/O or RAM instruction is received by the CPU, 
the CPU will activate one CM-RAM line during M2, in time 
for the 4002's to receive the OPA (2nd part of the instruc- 
tion), which will specify the I/O or RAM operation to be 
performed. 

In the I/O mode of operation, the selected 4002 chip (by 
SRC), after receiving the OPA of an I/O instruction 
(CM-RAM activated at M2), will decode the instruction. 

If the instruction is WMP, the data present on the data bus 
during X2 * 02 will set the output flip-flops associated with 
the I/O pins. That information will be available until next 
WMP for peripheral devices control. 

In the RAM mode, the operation is as follows: When the 
CPU receives an SRC instruction, it will send out the content 
of the designated index register pair during X2 and X3 and 
will activate one CM-RAM line at X2 for the previously 
selected RAM bank. 

All RAM mode instructions will be executed during the 
X2 and X3. The instruction decoding is performed during the 
M2 time when the OPA portion of the instruction is 
decoded. The CM-RAM of the selected Bank is enabled at 
that time. 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -55° C to + 1 25° C 

Input Voltages and Supply Voltage 

with respect to Vss +0.5V to -20V 

Power Dissipation 1.0 Watt 



'COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



D.C. Characteristics 

Ta = 0°Cto 70°C; Vss-Vdd - ISV ±5%; t0pw = t^pi - 400 nsec; t0D2 =150 nsec. Logic "0" is defined as the more positive 
voltage (V|h, Vqh); Logic "1" is defined as the more negative voltage (Vil, Vql); Unless otherwise specified. 



SUPPLY CURRENT 












Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


'dd 


Average Supply Current 




17 


33 


mA 


Ta = 25°C 


INPUT CHARACTERISTICS 


Ili 


Input Leakage Current 


10 


MA 


V|l=Vdd 


VlH 


Input High Voltage (Except Clocks) 


Vss-1.5 




VSS+.3 


V 




V|L 


Input Low Voltage (Except Clocks) 


Vdd 




Vss-5.5 


V 




V|HC 


Input High Voltage Clocks 


Vss-1.5 




VSS+.3 


V 




V|LC 


Input Low Voltage Clocks 


Vdd 




Vss-13.4 


V 




OUTPUT CHARACTERISTICS - ALL OUTPUTS EXCEPT I/O PINS 


Ilo 


Data Bus Output Leakage Current 


10 


ma 


VouT=-12V 


VOH 


Output High Voltage 


VSS-.5V 


Vss 




V 


Capacitive Load 


lOL 


Data Lines Sinking Current 


8 


15 




mA 


VouT=Vss 


Vol 


Output Low Voltage, Data Bus, CM, SYNC 


Vss-12 




Vss-6.5 


V 


loL=0.5mA 


Rqh 


Output Resistance, Data Line "0" Level 




150 


250 


a 


VouT=Vss-.5V 


I/O OUTPUT CHARACTERISTICS 


VoH 


Output High Voltage 


VSS-.5V 


V 


buT=0 


Rqh 


I/O Output "0" Resistance 




1.2 


2 


kl2 


V0UT=Vss-.5V 


lOL 


I/O Output "1" Sink Current 


2.5 


5 




mA 


VouT=Vss-.5V 


lOL^] 


I/O Output "^" Sink Current 


0.8 


3 




mA 


VouT=Vss-4.85V 


Vol 


I/O Output Low Voltage 


Vss-12 




Vss-6.5 


V 


Iout=50mA 


CAPACITANCE 


C0 


Clock Capacitance 




8 


15 


pF 


V|N=VSS 


Cdb 


Data Bus Capacitance 




7 


10 


pF 


V|N=VSS 


C|N 


Input Capacitance 


10 


pF 


V|N=Vss 


COUT 


Output Capacitance 


10 


pF 


V|N=Vss 



Note: 1, For TTL compatibility, use 12kn external resistor to Vpo- 
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Typical D.C. Characteristics 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



POWER SUPPLY CURRENT 
VS. TEMPERATURE 



-1 1 1 

Vdd = -15.0V 

VPW" VDI " 400ntec 

VD2 ° 150 nsec 




o 






1 

VPW=" VD 1 = 400 nsec 


Q 


X^^ 




1^02"° 150 nsec 














w 






^ 


^V.Vdd = -15.75V 




uu 

3 17 


^\ 


"^->v^ 














>v^15.0V 


^^^>. 


-1 

£ 15 


\^ 










^^\^4.25V 


"^"^ 


2 




^ 






13 








•^^ 



AMBIENT TEMPERATURE CO 



A.C. Characteristics 



Ta = 0°C to 70° C, Vss-Vdd = 15V ±5%. 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


tCY 


Clock Perioci 


1.35 




2.0 


/isec 




t0R 


Clock Rise Time 


50 


ns 




t0F 


Clock Fall Times 


50 


ns 




t0PW 


Clock Width 


380 




480 


ns 




t0D1 


Clock Delay 0i to 02 


400 




550 


ns 




t0D2 


Clock Delay 02 to 0i 


150 


ns 




tw 


Data-in, CM, SYNC Write Time 


350 


100 




ns 




tHt1,3] 


Data-in, CM, SYNC Hold Time 


40 


20 




ns 




tosl2] 


Set Time (Reference) 





ns 




^ACC 


Data-Out Access Time 
Data Lines 
SYNC 
CM-ROM 
CM-RAM 


930 
930 
930 
930 


ns 
ns 
ns 
ns 


COUT = 

500pF Data Lines 
500pF SYNC 
160pF CM-ROM 
50pF CM-RAM 


tOH 


Data-Out Hold Time 


50 


150 




ns 


CouT=20pF 


to 


I/O Output Delay 


1500 


ns 


CouT=100pF 



Notes: 1. tH measured with t^ = lOnsec. 

2. T/\cC 's Data Bus, SYNC and CM-line output access time referred to the 02 trailing edge which clocks these lines out. tQS 's the 
same output access time referred to the leading edge of the next 02 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state until the 
4004/4040 takes over the data bus at Xi and X3 time. Therefore the tH requirement is always insured since each component 
contributes IOmA of leakage current and lOpF of capacitance which guarantees that the data bus cannot change faster than 1V//is. 
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DATA BUS 

*2 



CM-RAM. ROM 





CPU 
ENABLED 


CPU 
ENABLED 


CPU 
ENABLED 


ROM 
ENABLED 


ROM 
ENABLED 


OPA (4004) 
AC (4040) 

CPU 
ENABLED 


IFIOR 
PORT/RAM 
ELSE CPU 
ENABLED 


CPU 
ENABLED 




u 


U 






U 


U 


U 


U 




U 




L 








1 


L 


1 


1 J- 90% 90% 

1 




■10% 1 


— 






J 




IF NOT SECOND CYCLE OF 

/ 1 








1 


1 
















1 


1/ 


' IF I/O 


1 1 
-J L. 


FSR( 


^ 1 

lJ 


















»D- 




XI 





















Figure 1. Timing Diagram. 



t«D2 



J 



DATfK BUS, CM 
(INPUTS) 



DATA BUS, CM 
(OUTPUTS) 



-t0R 



X 



10% 
90% 

t0pw 



-t^DI 



\ 



J 



(REFERENCE)- 



X 



t 



-10% 
-90% 



Figure 2. Timing Detail. 
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Intel ^^^^ 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH SEPARATE I/O 



256 X 4 Organization to IMeet 
Needs for Smali System 
[Memories 

Access Time: 1 psec IMax. 

Single +5V Supply Voltage 

Directly TTL Compatible: All 
Inputs and Outputs 

Statis MOS: No Clocks or 
Refreshing Required 

Simple Memory Expansion: 
Chip Enable Input 

Compatible with the 4289 



Inputs Protected: All Inputs 
Have Protection Against Static 
Charge 

Low Cost Packaging: 22 Pin 
Plastic Dual-ln-Line 
Configuration 

Low Power: Typically 150mW 

Three-State Output: OR-Tie 
Capability 

Output Disable Provided for 
Ease of Use in Common Data 
Bus Systems 



The Intel® 4101 is a 256 word by 4 bit static random access memory element using normally off N-channel MOS devices 
integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to 
operate. The data is read out nondestructively and has the same polarity as the input data. 

The 4101 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables allow easy selection of 
an individual package when outputs are OR-tied. An output disable Is provided so that data inputs and outputs can be tied for 
common I/O systems. Output disable is then used to eliminate any bi-directional logic. 

The Intel® 4101 is fabricated with N-channel silicon gate technology. This technology allows the design and production of high 
performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either conventional 
MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of low cost plastic 
packaging. 



PIN CONFIGURATION 


LOGIC SYMBOL 


A3C 


V 
1 


22 


HVcc 




Ao D'l 




A,c: 


2 


21 


Z|A. 


— 


A, DO, 


— 


mi: 

AoC 




20 
19 


ID R/W 

ncET 


— 


A2 DI2 
A3 DOj 
A4 D'a 


- 


AsCZ 
AelZ 


5 18 

4101 

6 17 

7 16 


ZlOD 
Z]CE2 


— 


Ac DO, 

Ae ^^°^ 0.; 

A7 D04 





GND 1 




15 


ZJD., 




OD 




t^'iCZ 




14 


ZIDO3 








00, c: 


10 


13 


=]D.3 








D-.C 


11 


12 


ZlDO, 




R/W CE2 CE1 














i 1 ? 





BLOCK DIAGRAM 



PIN NAMES 



°m 


DATA INPUT 


OD 


OUTPUT DISABLE 


Ao-^ 


ADDRESS INPUTS 


Dour 


DATA OUTPUT 


R/W 


READ/WRITE INPUT 


Vrr 


POWER (+5VI 


Cn,CE2 


CHIP ENABLE 


1 




0= PIN NUMBERS 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias 0°C to 70° C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



"COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
Is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those Indi- 
cated In the operational sections of this specification Is 
not Implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. and Operating Characteristics 

Ta = 0°C to 70° C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


TypJll 


Max. 


Unit 


Test Conditions 


Ili 


Input Current 






10 


MA 


V,N = to 5.25V 


Iloh 


I/O Leakage Currentl2] 






15 


MA 


CEi= 2.2 V, VouT = 4.0V 


Ilol 


I/O Leakage Current [2] 






-50 


ma 


CEi= 2.2V, VouT = 0.45V 


'cci 


Power Supply Current 




30 


60 


mA 


V,N = 5.25V, lo = 0mA 
Ta = 25°C 


'CC2 


Power Supply Current 






70 


mA 


V,N = 5.25V, lo = 0mA 
Ta=0°C 


V|L 


Input "Low" Voltage 


-0.5 




+0.65 


V 




V|H 


Input "High" Voltage 


2.2 




Vcc 


V 




Vol 


Output "Low" Voltage 






+0.45 


V 


Iql = 2.0mA 


VOH 


Output "High" Voltage 


2.2 






V 


Ioh=-150mA 



i 



Typical D.C. Characteristics 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 



i \\ 




AMBI 

rO'C- 

.25''C 
.70»C 


ENTTE 


MPER/i 


TURE 




\^ 












\ 
































V 


Vcc -4 

OUTPU 


75V 
T "HIG 


H" TYP 


ICAL 






\ 






^v 











AMBII 


_,„.„. 
NTTE 


MPERA 


TURE- 


'% 


^ 


?'— 








A 


z 


_^ 


^ 






/ 


y 


,/ 


y\ 








r 


/ 


'wc 










/ 


OUTPl 


.7BV 
T'LOV 


V'TYP 


CAL 


/ 






/ 















VoH (VOLTS) 



Vol (VOLTS) 



NOTES: 1 . Typical values are for T/\ = 25^ C and nominal supply voltage. 
2. Input and Output tied together. 
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A.C. Characteristics 

READ CYCLE Ta = 0°C to 70°C, Vqc = 5V ±5%, unless otherwise specified. 



Symbol 


Parameter 


Min. 


w;' 


Max. 


Unit 


Test Conditions 


tRC 


Read Cycle 


1,000 






ns 




tA 


Access Time 






1,000 


ns 


tr, tf = 20ns 


tco 


Chip Enable To Output 






800 


ns 


V|N=+0.65Vto+2.2V 


tOD 


Output Disable To Output 






700 


ns 


Timing Reference = 1.5V 


tDFl3] 


Data Output to High Z State 







200 


ns 


Load = 1 TTL Gate 


tOH 


Previous Read Data Valid 
after change of Address 


40 






ns 


andCL=100pF. 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


w;' 


Max. 


Unit 


Test Conditions 


two 


Write Cycle 


1.000 






ns 




tAW 


Write Delay 


150 






ns 


tr, tf = 20ns 


tew 


Chip Enable To Write 


900 






ns 


V|N=+0.65Vto+2.2V 


tow 


Data Setup 


700 






ns 


Timing Reference = 1.5V 


tDH 


Data Hold 


100 






ns 


Load = 1 TTL Gate 


twp 


Write Pulse 


750 






ns 


andCL= lOOpF. 


tWR 


Write Recovery 


50 






ns 




tDS 


Output Disable Setup 


200 






ns 





A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl = lOOpF 

Waveforms 

READ CYCLE 



[2J 



Capacitance Ta = 25°c, f = i mhz 





Test 


Limits (pF) 


Symbol 


Typ.M] 


Max. 


C,N 


Input Capacitance 

(All Input Pins) V|n = OV 


4 


8 


Qdut 


Output Capacitance Vqut = OV 


8 


12 



WRITE CYCLE 



o( 



OD 

(COMMON I/O) '*J 



DATA 
OUT 



)C 



1 



A 



\ 



:x 



J <0H^ 



-.D."'- 



DATA OUT 
VALID 



(COMMON I/O) 



NOTES: 1. Typical values are for T/^ = 25° C and nominal supply voltage. 

2. This parameter is periodically sampled and is not 100% tested. 

3. top is with respect to the trailing edge of CE-) , CE2, 
or OD, whichever occurs first. 




4. OD should be tied low for separate I/O operation. 
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4001 



256 X 8 MASK PROGRAMMABLE ROM 
AND 4 BIT I/O PORT 



Direct Interface to MCS-40^'' 
4 Bit Data Bus 

I/O Port Low-Power TTL 
Compatible 

16 Pin Dual In-Line Package 



Standard Operating 
Temperature Range of 
0° to 70° 

Also Available With -40° to 
+85° Operating Range 



The 4001 performs two basic and distinct functions. As a ROM it stores 256 x 8 words of program or data tables; as a vehicle of 
communication with peripheral devices it is provided with 4 I/O pins and associated control logic to perform input and output 
operations. The 4001 is a PMOS device, compatible with ail other 1^03-40^" devices. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




. MEMORY 

~]CM4 CONTROL 

■—^ 'input 

clear input 
for i/o lines 



(t>2 0- 




CLEAR 
O 



imn 



INTERFACE 



I/Oq ^ f I/O, ^ ' 
I/O, I/O3 



MEMORY 

DATA 

MUX 



ADDRESS 
REGISTER 

AND 
DECODER 



^ 



ROM 
256X8 
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Pin Description 



Pin No. 



Designation/ 
Type of Logic 



Description of Function 



1-4 



Do -Da/Neg. 



Vss 



6-7 


01,02/Neg. 


8 


SYNC/Neg. 


9 


RESET/Neg. 



10 



CL/Neg. 



11 


CM-ROM/Neg. 


12 


Vdd 


13-16 


l/Oo-l/03/Neg. 



Bidirectional data bus. All ad- 
dress and data communication 
between the processor and 
ROM is handled by these lines. 

Most positive supply voltage. 



Non-overlapped clock signals 
which determine device timing. 

System synchronization signal 
generated by processor. 

Reset input. A negative level 
(Vdd) on this pin will clear In- 
ternal flip-flops and buffers. 
The input buffers are not 
cleared by this signal. 

Clear input for I/O lines. A neg- 
ative level on this pin will clear 
the I/O buffers. This pin may 
be driven by a TTL output and 
a IK pull-up to Vss- 

Chip enable generated by the 
processor. 

Main supply voltage value. Must 
be Vss -15.0V ±5%. 

A single I/O port consisting of 
4 bidirectional and selectable 
lines. 



Functional Description 



Address and data are transferred in and out by time multi- 
plexing on 4 data bus lines. Timing is internally generated 
using two clock signals, 0i and 02* and a SYNC signal sup- 
plied by the CPU. Addresses are received from the CPU on 
three time periods following SYNC, and select 1 out of 256 
words and 1 out of 16 ROM's. For that purpose, each ROM 
is identified as #0, 1, 2, through 15, by metal option. A 
Command ROM Line (CM-ROM) is also provided and it 
is used to select a ROM bank (group of 16 ROM's). 

During the two time periods of the instruction cycle (M-i 
& M2) following the addressing time, information is trans- 
ferred from the ROM to the data bus lines. 

A second mode of operation of the ROM is as an Input/ 
Output control device. In that mode a ROM chip will route 
information to and from data bus lines in and out of 4 I/O 
external lines. Each chip has the capability to identify itself 
for an I/O port operation, recognize an I/O port instruction 
and decide whether it is an Input or an Output operation and 
execute the instruction. An external signal (CL) will asyn- 
chronously clear the output register during normal operation. 

All internal flip flops (including the output register) will 
be reset when the RESET line goes low (Vdd)- 



I/O Options 

Each I/O pin on each ROM can be uniquely chosen to be 
either an input or output line by metal option. Also each 
input or output can either be inverted or direct. When the 
pin is chosen as an input it may have an on-chip resistor 
connected to either Vdd or Vss- 

Instruction Execution 

The 4001 responds to the following instructions. 

1. SRC Instruction (Send address to ROM and RAM) 

When the CPU executes an SRC instruction it will send 
out 8 bits of data during X2 and X3 and will activate 
the CM-ROM and one CM-RAM line at X2. Data at X2, 
(representing the contents of the first register of the 
register pair addressed by the SRC instruction) with 
simultaneous presence of CM-ROM, is interpreted by 
the 4001 as the chip number of the unit that should 
later perform an I/O operation. Data at X3 is ignored. 

2. WRR- Write ROM Port 

The content of the accumulator is transferred to the 
ROM output port of the previously selected ROM chip. 
The data is available on the output pins until a new 
WRR is executed on the same chip. The ACC content 
and carry/link are unaffected. (The LSB bit of the 
accumulator appears on I/Oq.) No operation is per- 
formed on I/O lines coded as inputs. 

3. RDR - Read ROM Port 

The data present at the input lines of the previously 
selected ROM chip is transferred to the accumulator. 

If the I/O option has both inputs and outputs within the 
same 4 I/O lines, the user can choose to have either "0" 
or "1" transferred to the accumulator for those I/O pins 
coded as outputs, when an RDR instruction is executed. 
For example, given a port with the I/O lines coded 
with 2 inputs and 2 outputs, when RDR is executed, 
the transfer is as shown below: 



I3 O2 O1 lo 
1 X X 0- 

\ / 

Input Data 



(ACC) 
-1 (1 orO) (1 orO) 

\ / 

User can choose 



Timing Consideration 

In the ROM mode of operation the 4001 will receive an 8 
bit address during Ai and A2 times of the instruction cycle 
and a chip number, together with CM-ROM, during A3 time. 
When CM-ROM is present, only the chip whose metal option 
code matches the chip number code sent during A3 is allowed 
to send data out during the following two cycles: Mi and M2. 
The activity of the 4001 in the ROM mode ends at M2. 
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The 4001 can have a chip number via the metal option 
from 0-15. 

In the I/O mode of operation, the selected 4001 (by SRC), 
after receiving RDR will transfer the information present at 
its I/O pins to the data bus at X2. If the instruction received 
was WRR, the data present on the data bus at X2*02 will be 
latched on the output flip-flops associated with the I/O lines. 

Ordering Information 

When ordering a 4001, the following information must be 
specified: 

1. Chip number 

2. All the metal options for each I/O pin. 

3. ROM pattern to be stored in each of the 256 
locations. 

A blank customer truth table is available upon request 
from Intel. A copy of this table is shown and blank copy can 
be found following the detailed 4001 characteristics. 
EXAMPLES - DESIRED OPTION/CONNECTIONS RE- 
QUIRED 

1. Non-inverting output (negative logic output) — 1 and 3 
are connected. 

2. Inverting output (positive logic output) — 1 and 4 are 
connected. 

3. Non-inverting input (no input resistor — negative logic 
input) — only 5 is connected. 

4. Inverting input (input resistor to Vss — positive logic in- 
put) — 2, 6, 7, and 9 are connected. 

5. Non-inverting input (Input resistor to Vqd — negative 
logic input) — 2, 7, 8, and 10 are connected. 

6. If inputs and outputs are mixed on the same port, the 
pins used as the outputs must have the internal resistor 
connected to either Vdd or Vss (8 and 9 or 8 and 10 
must be connected). This is necessary for testing pur- 
poses. For example, if there are two inverting inputs 
(with no input resistor) and 2 non-inverting outputs the 



connection would be made as follows: 

Inputs — 2 and 6 are connected 
Outputs - 1, 3, 8 and 9 are connected or 
1 , 3, 8 and 10 are connected 

If the pins on a port are all inputs or all outputs, the 
internal resistors do not have to be connected. 

It should be noted that all internal logic and processing is 
performed in negative logic, i.e., "1" equals Vqd and "0" 
equals VsS- For positive logic conversion, the inverted 
options should be selected. 

TTL compatibility is obtained by Vdd =-10V ±5% and 
Vss = 5V ± 5%. An external 12K resistor should be used on 
all outputs to insure the logic "0" state (Vql)- 





•l/Oi.l/Oj.ANDI/O; 

FOLLOW THE SAME FORMAT. "^ Vjs - GND 



4001 Available Metal Option for Each I/O Pin. 



Absolute Maximum Ratings^ 



Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -55°C to + 125°C 

Input Voltages and Supply Voltage 

with respect to Vss +0.5V to -20V 

Power Dissipation 1.0 Watt 



^COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 
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4001 

D.C. and Operating Characteristics 

Ta = 0°C to 70° C; Vss -Vpo = 15V ±5%; t^pw = t^pi = 400 nsec; 1^02 = 150 nsec; Logic "0" is defined as the more positive 
voltage (V|h, Vqh); Logic "1" is defined as the more negative voltage (V|l, Vql); Unless Otherwise Specified. 



SUPPLY CURRENT 












Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


'dd 


Average Supply Current 




15 


30 


mA 


Ta = 25°C 


INPUT CHARACTERISTICS - ALL INPUTS EXCEPT I/O PINS 


Ili 


Input Leakage Current 


10 


MA 


ViL = Vdd 


V|H 


Input High Voltage (Except Clocks) 


Vss-1.5 




VSS+.3 


V 




V|L 


Input Low Voltage (Except Clocks) 


Vdd 




Vss-5.5 


V 




VlHC 


Input High Voltage Clocks 


Vss-1.5 




VSS+.3 


V 




ViLC 


Input Low Voltage Clocks 


Vdd 




Vss-13.4 


V 




OUTPUT CHARACTERISTICS - ALL OUTPUTS EXCEPT I/O PINS 


Ilo 


Data Bus Output Leakage Current 


10 


ma 


VoUT = -12V 


VOH 


Output High Voltage 


VSS-.5V 


Vss 




V 


Capacitive Load 


lOL 


Data Lines Sinking Current 


8 


15 




mA 


VoUT = Vss 


Vol 


Output Low Voltage, Data Bus, CM, SYNC 


Vss- 12 




Vss-6.5 


V 


loL = 0.5mA 


ROH 


Output Resistance, Data Line "0" Level 




150 


250 


a 


VoUT = Vss -.5V 


I/O INPUT CHARACTERISTICS 


lu 


Input Leakage Current 


10 


HA 




V|H 


Input High Voltage 


Vss-1.5 




VSS+.3 


V 




V|L 


Input Low Voltage, Inverting Input 


Vdd 




Vss-4.2 


V 




V|L 


Input Low Voltage, Non-inverting Input 


Vdd 




Vss-6.5 


V 




V|L 


CL Input Low Voltage 


Vdd 




Vss-4.2 


V 




R| 


Input Resistance, if Used 


10 


18 


35 


k^ 


Rl tied to Vss; 
V|N = Vss -3V 


RlH] 


Input Resistance, if Used 


15 


25 


40 


k^ 


Rl tied to Vdd; 
V|N = Vss -3V 


I/O OUTPUT CHARACTERISTICS 


VoH 


Output High Voltage 


VSS-.5V 


V 


loUT = 


Rqh 


I/O Output "0" Resistance 




1.2 


2 


k^ 


VouT = Vss -•5V 


lOL 


I/O Output "1 " Sink Current 


2.5 


5 




mA 


VoUT = Vss-.5V 


IOLf2] 


I/O Output "1" Sink Current 


0.8 


3 




mA 


VoUT = Vss -4.85V 


Vol 


I/O Output Low Voltage 


Vss-12 




Vss-6.5 


V 


louT = 50iuA 


CAPACITANCE 


C0 


Clock Capacitance 




8 


15 


pF 


V|N = Vss 


Cdb 


Data Bus Capacitance 




9.5 


15 


pF 


V|N = Vss 


C|N 


Input Capacitance 


10 


pF 


V|N = Vss 


COUT 


Output Capacitance 


10 


pF 


V|N = Vss 



Notes: 1. R) is large signal equivalent resistance to (Vss-12) V. 

2. For TTL compatibility, use 12kn external resistor to Vqd- 
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Typical D.C. Characteristics 



POWER SUPPLY CURRENT 
VS. TEMPERATURE 



OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 




20 40 60 

AMBIENT TEMPERATURE (°C) 



— 1 \ \ 

Vdd = -15.0V 

VPW = ^0D1 = 400nsec ■ 

t0D2 = ■'50 nsec 




-2 -3 -4 -5 

OUTPUT VOLTAGE (V) 



A.C. Characteristics Ta = o°c to 7o°c, Vss -Vdd = 1 5v ±5% 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Conditions 


tCY 


Clock Period 


1.35 




2.0 


jusec 




t0R 


Clock Rise Time 


50 


ns 




t0F 


Clock Fall Times 


50 


ns 




t0pw 


Clock Width 


380 




480 


ns 




t0D1 


Clock Delay 0i to 02 


400 




550 


ns 




t0D2 


Clock Delay 02 to 0i 


150 


ns 




tw 


Data-in, CM, SYNC Write Time 


350 


100 




ns 




tHn,3i 


Data-in, CM, SYNC Hold Time 


40 


20 




ns 




tost2l 


Set Time (Reference) 





ns 




tACC 


Data-Out Access Time 
Data Lines 
SYNC 
CM-ROM 
CM-RAM 


930 
930 
930 
930 


ns 
ns 
ns 
ns 


Cqut = 

500pF Data Lines 
500pF SYNC 
160pF CM-ROM 
50pF CM-RAM 


tOH 


Data-Out Hold Time 


50 


150 




ns 


Cqut = 20pF 


tis 


I/O Input Set-Time 


50 


ns 




t|H 


I/O Input Hold-Time 


100 


ns 




to 


I/O Output Delay 


1500 


ns 


Cqut = lOOpF' 


tcl4l 


I/O Output Lines Delay on Clear 


1500 


ns 


CoUT = lOOpF 




Notes: 1. tn measured with t^R = lOnsec. 

2. T/\cc is Data Bus, SYNC and CM-line output access time referred to the <p2 trailing edge which clocks these lines out. tQS 's 
the same output access time referred to the leading edge of the next 02 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state 
until the 4004/4040 takes over the data bus at X-j and X3 time. Therefore the tH requirement is always insured since each 
component contributes lO/nA of leakage current and lOpF of capacitance which guarantees that the data bus cannot change 
faster than W/^s. 

4. CL on the 4001 is used to asynchronously clear the output flip-flops associated with the I/O lines. 
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DATA BUS 


^2 

1 r 




I 


CPU 
ENABLED 


A2 

CPU 
ENABLED 


A3 

CPU 
ENABLED 


M, 

ROM 
ENABLED 


ROM 
ENABLED 


OPA (4004) 
AC (4040) 

CPU 
ENABLED 


X2 

IF lOR 
PORT/RAM 
ELSE CPU 
ENABLED 


X3 

CPU 
ENABLED 




<^i 


1 


J 




1 




U 


U 


U 










•» 


— 


02 


-1 


- 


1 


u 


L 


1 


10% 


J- 90% 90% 

1 


-— 


-10% 




SYNC 


1 






1 1 1 

IF NOT SECOND CYCLE OF 2 CYCLE INSTRUCTION 
/I 1 1 




1 
















CM-RAM, ROM 










1 


/ 


J "" ''° 


1 


1 1 1 1 










t.s- 


H 




T 






I/O INPUT 




X 




I 












- 












-•-tj.-^ 

/ 






)NINVERTING 






X 














I/O OUTPUT 








" " "■ 


CLEAR LINE (CD 






"\ 








1 1 1 





































Figure 1. Timing Diagram 
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DATA BUS, CM 
(INPUTS) 



DATA BUS, CM 
(OUTPUTS) 



rio% 

90% 

t0pvv 



-t0oi 



\ 



J\ 



- 10% 
-90% 



)&- 



'oh p 



Figure 2. Timing Detail 
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Programming Instructions 

To Insure optimum handling of ROM programs and avoid 
delays, programs should be specified In the following format. 



Paper Tape Format* 

A 1" wide paper tape using 8 bit ASCII code, such as a 
model 33ASR teletype produces: 

A. Preamble 

1. Preceding the first word field and following the 
last word field, there should be a leader/trailer 
length of at least 25 characters. This should con- 
sist of rubout punches. 

2. Included in the tape before the leader, and pre- 
ceded by another leader, should be the cus- 
tomer's complete telex or twx number and if 
more than one pattern is being transmitted, the 
ROM pattern number. 

3. The first ROM pattern preamble field is the 
device type number or ROM number. The field 
should be framed by an "I" and "— " 

14001- 

This should be followed by the chip select infor- 
mation encoded in decimal (two digits), and 
enclosed by "C" and "S", as in 
"ChhS" 

The valid select digits for the 4001 are 0—15 
"C0S"-"C15S" 

Finally, the I/O options would be specified on a 
port-by-port basis with the connections to be 
made separated by commas, and enclosed in 
parentheses: 

"(n1,n2, n3...)". 

where (n1, n2 . . .) are the option numbers asso- 
ciated with one I/O line. Hence, for a 4001 there 
will be four bracketed collections of I/O options. 
Each I/O pin has a series of 10 possible connec- 
tions. These connections are consecutively num- 
bered from 1-10. It is these numbers that should 
be in parentheses for each I/O pin. 

Example: "( )" indicates no connection 

"{ 1 )" indicates only #1 
"(2,5,7)" indicates connections 
#2, 5 and 7. 

I/O options should be placed on the tape sequen- 
tially for the 4001 from 1/00-1/03(4). Always 
avoid illegal combinations. 

*NOTE: Cards may also be submitted. 



B. ROM Code 

The format requirements are as follows: 



1. 



All word fields are to be punched in consecutive 
order, starting with word field (all addresses 
low). There must be exactly N word fields for 
the N X 8 ROM organization. 

Each word field must begin with the start charac- 
ter B and end with the stop character F. There 
must be exactly 8 data characters between the B 
and F. Within the word field, a P results in a high 
level output (Vss or logic for MCS-40 CPUs) 
and a N results in a low level output (Vdd or logic 
1 for MCS-40 CPUs). 

Example of 256 x 8 format (N=256) : 



Stiiri Chnracl*; 



I Stop Chiirarier — . 



I I 



BPPPNNNNNFBNNNNNNPPF...BNPNPPPNNF 



Word Field 1 



Word Field 255 



Between word fields, comments not containing 
B's or F's may be inserted. Carriage return and 
line feed characters should be inserted (as a 
"comment") just before each word field (or at 
least between every four word fields). When 
these carriage returns, etc., are inserted, the tape 
may be easily listed on the teletype for purposes 
of error checking. It may be helpful to insert the 
word number (as a comment) at least every four 
word fields. 

Within the ROM pattern words a character, 
"X", may be used. Where "P" and "N" indicate a 
"0" and "1" setting respectively, an "X" will in- 
dicate a single bit — "Don't Care" setting. This 
allows the optimum default bit values to be se- 
lected by Intel. The bit value will be fixed to allow 
for testing. The values will be specified to the 
user on the Verification Listing tape. 
In the place of a standard BPNF word, a "B*nF" 
word may be used. This indicates that the data in 
the last BPNF word encountered is to be 
repeated for the next n words (1 ^ n < 1023). 
Note that if a repeat count of 4 Is given in word 
position 10, then words 10, 11, 12, and 13 will 
be repeats of word 9 (except for Don't Care bits 
which might conceivably have different assigned 
values). 

To indicate that an entire block (such as the 
remainder of a ROM) is not used (i.e.. Don't 
Care), a word of Don't Care data can be followed 
by the remaining word count in a repeat count 
form. 
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MCS® 

CUSTOM ROM 
ORDER FORM 



4001 
ROM 



nilSTOMFR 


PO NIJMRFR 


DATF 






For Intel use only 
PPPP 

77 


nn 


APR 


nATF 



All custonn 4001 ROM orders must be subnnitted on this form. Programming information should be sent in the form of computer 
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 



MARKING 

The marking as shown at the right must contain the Intel logo, the 
product type (P4001), the 4-digit Intel pattern number (PPPP), a date 
code (XXXX), and the 2-digit chip number (DD). An optional customer 
identification number may be substituted for the chip number (ZZ). 
Optional Customer Number (maximum 6 characters or spaces). 

CUSTOMER NUMBER 




INTEL PATTERN NUMBER 



DATE CODE 



CHIP NUMBER OR 
CUSTOMER NUMBER 



MASK OPTION SPECIFICATIONS 



A. CHIP NUMBER. 



(Must be specified-any number from 
through 15-DD). 

B. I/O OPTION - Specify the connec- 
tion numbers for each I/O pin (next 
page). Examples of some of the pos- 
sible I/O options are shown below: 

EXAMPLES - DESIRED OPTION/CON- 
NECTIONS REQUIRED 

1. Non-inverting output - 1 and 3 are 
connected. 

2. Inverting output - 1 and 4 are con- 
nected. 

3. Non-inverting input (no input resis- 
tor) - only 5 is connected. 

4. Inverting input (input resistor to Vss) 
— 2, 6, 7, and 9 are connected. 



5. Non-inverting input (input resistor to 
Vdd' - 2, 1, 8, and 10 are con- 
nected. 

6. If inputs and outputs are mixed on 
the same port, the pins used as the 
outputs must have the internal re- 
sistor connected to either V[)d or 
Vss <8 and 9 or 8 and 10 must be 
connected). This is necessary for test- 
ing purposes. For example, if there 
are two inverting inputs (with no in- 
put resistor) and two non-inverting 
outputs, the connection would be 
made as follows: 

Inputs — 2 and 6 are connected 
Outputs - 1, 3, 8, and 9 are con- 
nected or 
1, 3, 8, and 10 are connected 

If the pins on a port are all inputs or 
all outputs, the internal resistors do 
not have to be connected. 



C. 4001 CUSTOM ROM PATTERN - 
Programming information should be 
sent in the form of computer punched 
cards or punched paper tape. In either 
case, a printout of the truth table must 
accompany the order. Based on the 
particular customer pattern, the char- 
acters should be written as a "?" for 
a high level output = Vss (negative 
logic "0") or an "N" for a low level 
output = Vdd (negative logic "1"). 

Note that: 

NOP = BPPPP PPPPF = 0000 0000 
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MCS® CUSTOM ROM ORDER FORM 



4001J/O Options 



^K^^ PATTERN 



SET 
LOGIC 



3—7 



' » O -»~0 l/Oo 

-S— 1 I (PiNie) 

3 O o ^ » .. o q J 

6 61 2 



1 I 



! ^ 
l/Oo (PIN 16) 

CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 
CONNECTIONS ON SCHEMATIC) 

a. For T^L compatibility on the I/O lines the supply voltages should be 
^DD =-10V±5%, Vss =+5V±5% 

b. If non-inverting input option is used, Vn_ = -6.5 Volts maxinnum (not TTL). 



DATA 

BUS 

OUTPUT 

BUFFER 



»-•— O D, 

(nN2) 






-O^ 4» O O - 



1/0, 
(PIN 16) 



1 I 



I/O1 (PIN 15) 

CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 
CONNECTIONS ON SCHEMATIC). 

a. For T^L compatibility on the I/O lines the supply voltages should be 
Vqd =-10Vi5%. Vss =+5Vt5% 

b. If non-inverting input option is used, V^ = —6.5 Volts maximum (not TTL). 



DATA 

BUS 

OUTPUT 

BUFFER 



-O D2 
(P1N3) 



DATA 

BUS 

OUTPUT 

BUFFER 



SET 

LOGIC 



J— I. 

\ i 



- o o- »-o I/O2 

(PINM) 



1 O O o^ ♦ 



-O D3 

(P»N4) 



lt_iL 



"^^^~T 



o o -»-o I/O3 

1 I (PIN 13) 

oo-J 



"Jr ""^ 

10- ■ 4 ■■ o 6 
10 



l/02(PIN14) 

CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 
CONNECTIONS ON SCHEMATIC) 

a. For T^L compatibility on the I/O lines the supply voltages should be 
VpD = -lOV i5%. Vss = ""^V ±5% 

b. If non-inverting input option is used, Vn_ = —6.5 Volts maximum (not TTL). 



1 



L ^ \\ T 

o * o 6 



l/03(PIN13) 

CONNECTIONS DESIRED (LIST NUMBERS & CIRCLE 
CONNECTIONS ON SCHEMATIC) 

a. For T^L compatibility on the I '0 lines the supply voltages should be 
Vqd =-10V'5%. Vss = -5v *5% 

b. If non inverting input option is used, V|l = -6.5 Volts maximum (not TTL). 
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Intel ^^^^ 

1024 X 8 MASK PROGRAMMABLE ROM 
AND FOUR 4-BIT I/O PORTS 



Direct Interface to MCS-40^^ 
4-Bit Data Bus 

Equivalent to Four 4001 ROMs 

Four Independent 4-Bit I/O 
Ports 

Input I/O Buffer Storage with 
an Optional Strobe 



■ I/O Pprts Low-Power TTL 
Compatible 

■ 28 Pin Dual In-Line Package 

■ Standard Operating 
Temperature Range of 
0°to 70° 

■ Also Available With -40'' 
to +85''C Operating Range 



The 4308 is a 1024 x 8 bit word ROWi memory with four I/O ports, it is designed for the MCS-40^'' system and is operationally 
compatible with all existing MCS-40 elements. The 4308 is functionally identical to four 4001 chips. The 4308 has 16 I/O lines 
arranged in four groups of four lines. 



D3 o* 



BLOCK DIAGRAM 



DATA BUS 
INOUT 
BUFFER 



7T 



11111 



Eo: 



ADDRESS 
REGISTER 

AND 
DECODER 



w 



6000 
Oo I/O 03 



T 



ii 




PIN 



CONFIGURATION 




> Vdd 

> Vss 



) Ar 

V 11 



ROM ARRAY 

AND MUX 

024 • 8 



\2L 



l/0 2o . 1/023 



U w u \f 

0660 

l/0 3o 1/033 
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Pin Description 

Designation/ 
Pin No. Type of Logic 



Functional Description 



Description of Function 



1 

2-5 
14-17 
18-21 
24-27 

6-9 



22 



Vss 

I/Ol3-I/O1o/Neg. 

I/023-I/O2o/Neg. 

I/033-I/O3o/Neg. 

l/003-l/OOo/Neg. 

Do-D3/Neg. 



10,23 01,02/Neg. 

11 SYNC/Neg. 

12 CM-ROM/Neg. 

13 RESET/Neg. 



CLR/LD/Neg. 



Most positive supply voltage. 
Four I/O ports consisting of 4 



bidirectional 
lines. 



and selectable 



28 



^DD 



Bi-directional data bus. All in- 
formation between processor 
and device is transmitted to 
these four pins. 
Non-overlapped clock signals 
which determine device timing. 

System synchronization signal 
generated by processor. 

Chip enable generated by the 
processor. 

Reset input. A negative level 
(Vqd) on this pin will clear in- 
ternal flip-flops and buffers. 
The input buffers are not 
cleared by this signal. 

Clear/Load input. This pin is a 
dual function pin. It may be se- 
lected as a common Clear for 
those pins selected as output 
pins or as a Load for those pins 
selected as input pins. This pin 
should be designated for one 
purpose only per 4308, either 
Clear or Load. 

As a Load, a positive (Vss) ^o 
negative (N/qd) transition will 
cause the I/O data to be placed 
in the input latch. A negative 
to positive transition will cause 
the data to be latched. The I/O 
pin state may be altered with- 
out changing the contents of 
the latch when the line is posi- 
tive. 

As a Clear, a negative level 
(Vdd) on this line will cause the 
designated output latches to 
clear and remain cleared until a 
positive level (Vss) is placed on 
the line. This line may be driven 
by a TTL output with a IK pull- 
up resistor to Vss- 

Main supply voltage. Value 
must be Vss -15V ±5%. 



The 4308 ROM program memory is arrayed 1024x 8 bit 
words. For the program memory mode of operation, the A1 
—A3 time periods of the instruction cycle are used to address 
the ROM contents. The 4308 decodes the first ten bits of the 
address to select 1 out of the 1024 words, 8 bits wide. The 
remaining two bits select a particular 4308, which has one of 
four possible metal option chip select addresses. Instruction 
information is available in two 4-bit segments during M-i and 
M2 time periods. A 4004 system can accommodate up to 
four 4308's while a 4040 system can utilize up to eight de- 
vices. 

A second mode of operation of the ROM is as an Input/ 
Output control device. In that mode a ROM chip will route 
information to and from data bus lines in and out of 4 I/O 
external lines. Each chip has the capability to identify itself 
for an I/O port operation, recognize an I/O port instruction 
and decide whether it is an Input or an Output operation and 
execute the instruction. 

All internal flip flops (including the output register) will 
be reset when the RESET line goes low (negative voltage). 

Each of the four I/O ports of a 4308 are program select- 
able. Each of the four lines can be specified as either inputs 
or outputs via a metal mask option. A complete description 
of the I/O option capabilities are given below. The 4308 has 
an input storage buffer for utilization with those I/O pins 
designated as inputs. A common strobe line (CLR/LD line) 
allows the asynchronous loading of data from the I/O lines. 
The same CLR/LD strobe line can also serve as a clear to the 
I/O output port buffers when designated. This CLR/LD line 
is common to all ports on a 4308 and when toggled, will ef- 
fect those I/O lines connected by the metal mask option. For 
an input line, if the CLR/LD strobe line is left unconnected, 
or if it is pulled to (Vdd)* then the output of the buffer will 
follow the input. 



NOTE: Since the 4308 is compatible with all components of 
the MCS-40 system, 4308 and 4001 can be mixed on one 
memory bank as long as the chip select addresses are mutually 
exclusive. 



The following table shows the chip number relationship 
between 4308 and 4001. 





4308 




4001 


Page No. 




Chip No. 


Page No. Chip No. 


0-3 




(0) 


0-15 0-15 


4-7 




(1) 




8-11 




(2) 




12-15 




(3) 
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INSTRUCTION EXECUTION 

The 4308 responds to the following instructions. 

1. SRC Instruction (Send address to ROM and RAM) 

When the CPU executes an SRC instruction it will send 
out 8 bits of data during X2 and X3 and will activate 
the CM-ROM and one CM-RAM line at X2. Data at X2 
(representing the contents of the first register of the reg- 
ister pair addressed by the SRC instruction), with simul- 
taneous presence of CM-ROM, is interpreted by the 4308 
as the chip number of the unit that should later perform 
an I/O operation. Data at X3 is ignored. After an SRC 
only one CM-ROM and CM-RAM device will be selected. 

2. WRR- Write ROM Port 

The content of the accumulator is transferred to the 
ROM output port of the previously selected ROM chip. 
The data is available on the output pins until a new 
WRR is executed on the same chip. The ACC content 
and carry/link are unaffected. (The LSB bit of the 
accumulator appears on I/Oq.) No operation is per- 
formed on I/O lines coded as inputs. 

3. RDR - Read ROM Port 

The data present at the input lines of the previously 
selected ROM chip is transferred to the accumulator. 

If the I/O option has both inputs and outputs within the 
same 4 I/O lines, the user can choose to have either "0" 
or "1" transferred to the accumulator for those I/O pins 
coded as outputs, when an RDR instruction is executed. 
For example, given a port with the I/O lines coded with 
2 inputs and 2 outputs, when R DR is executed the trans- 
fer is as shown beiow: 



I3 O2 Oi lo 
1 X X 0- 

\ / 

Input Data 



(ACC) 
-1 (1 orO) (1 orO) 

\ / 

User can choose 



Timing Considerations 

At the beginning of each instruction sequence, a SYNC 
pulse is generated externally to synchronize the processor 
with the various components of the system. This pulse, along 
with the cJock inputs 0i and 02, is used in the 4308 as an in- 
put to a timing register. 

During time Ai, A2, and A3, the address is sequentially 
accepted from the data bus and decoded. During time A3, 
the CM-ROM line will be active, and if the 2 highest order 
bits of the address sent at A3 match the metal pre- 
programmed chip select option, the ROM will respond to the 
current address. 

At time Mi and M2, the instruction OPR, OPA will be 
placed on the data bus for the processor. 

After the SRC or Send Register Control instruction, which 
is used to designate a set of 4 I/O lines (1 port) on a particular 
ROM which are to be used for subsequent ROM I/O opera- 
tions, is executed by the processor, the processor sends a 4 
bit code to the ROM during X2, and CM-ROM goes to a "1" 
(Vdd)- The first two bits (D3, D2) of this code select a group 
of 1 out of 4 possible 4308, and the last two bits select a 
particular port (1 of 4 ports). This port remains selected un- 
til the next SRC instruction is executed. 

In both the RDR and WRR operations, the CM-ROM line 
will become active during time M2, and if the ROM has a pre- 
viously selected I/O port, it will respond to the I/O in two 
ways. For a WRR accumulator, data will be transferred to an 
internal ROM selected output port flip-flops during X2. Data 
will be available on the I/O line from time X3 • 02- The data 
will remain on the bus until a new WR R occurs, a reset occurs, 
or a clear (CLR/LD line) is generated. The RDR instruction 
will transfer information from the input port flip-flops of a 
previously selected port. Prior to RDR instruction, the user 
should insure that the input flip-flops have been loaded via 
the CLR/LD strobe if the load strobe is specified. If the load 
strobe Is not specified, information on the input lines will be 
loaded into the accumulator at the time of the RDR. 
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I/O OPTIONS 

The 4308 offers the following options on its I/O pins: 

1. Input or output. 

2. Inverted or direct (for input and output). 

3. On-chip resistor connected to either Vss or Vpo for 
input pins. 

4. Asynchronous loading of input buffers via the CLR/LD 
signal. 

5. Clear signal for any or all output ports via the CLR/LD 
signal. 

Referring to the block diagram of the single I/O pin shown 
below which illustrates the various options available on a 
4308, it should be noted that certain pin combinations are 
mutually exclusive and should not be specified together. 
There are also certain invalid combinations. The following 
combinations should be avoided: 

8,9 

5,6 

3,4 

10,1 1 — Both on a single pin and within a single 4308. 

Examples of some common desired option/connections are: 
a. I/O pin inputs* 

non-inverting 11, 2, 5, 7, 9 (TTL) -2, 5, 7, 8 

inverting 1 1 , 2, 6, 7, 9 (TTL) - 2, 6, 7, 8 



I/O pin outputs 

non-inverting 

inverting 



3, 1 (10 optional) 

4, 1 (10 optional) 



Other combinations exist and should be used with caution. 

* Option 11 need not be specified if an unbuffered input is 
desired. This is equivalent to a 4001 input. 

NOTE: The 4308 has the following enhancements over the 
4001 as far as I/O options are concerned: 

1. The capability of clearing any or all outputs with the 
CLR/LD signal. 

2. TTL compatibility of both the inverting and non- 
inverting input paths for input ports. 

3. The capability to select the LD option and have the in- 
put buffer become an input flip-flop and to have the 
CLR/LD signal become an asynchronous clock for load- 
ing data. 

For TTL compatibility on the I/O lines, the supply voltage 
should be Vqd = -10V ±5%, Vss = +5V ±5%. External pull- 
up is required for outputs. 
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Figure 1. 4308 I/O Pin Options. 
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Absolute Maximum Ratings'^ 



Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -55°C to + 125°C 

Input Voltages and Supply Voltage 

with respect to Vss +0.5V to -20V 

Power Dissipation 1.0 Watt 



^COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



D.C. and Operating Characteristics 



Ta = C to 70°C; Vss -Vdd = 15V ±5%; t^pw = t^pi = 400 nsec; 1^02 - 150 nsec; Logic "0" is defined as the more positive 
voltage (V|h, Vqh); Logic "1" Is defined as the more negative voltage (V|l, Vql); Unless Otherwise Specified. 

SUPPLY CURRENT 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


•dd 


Average Supply Current 




20 


40 


mA 


Ta = 25°C 


INPUT CHARACTERISTICS (ALL INPUTS EXCEPT I/O PINS) 


Ili 


Input Leakage Current 


10 


/iA 


V|L = Vdd 


V|H 


Input High Voltage (Except Clocks) 


Vss-1.5 




VSS+.3 


V 




ViL 


Input Low Voltage (Except Clocks) 


Vdd 




Vss-5.5 


V 




ViLO 


Input Low Voltage 


Vdd 




Vss-4.2 


V 


CLR/LD pin 


VlHC 


Input High Voltage Clocks 


Vss-1.5 




Vss+.S 


V 




ViLC 


Input Low Voltage Clocks 


Vdd 




Vss-13.4 


V 




OUTPUT CHARACTERISTICS - ALL OUTPUTS EXCEPT I/O PINS 


Ilo 


Data Bus Output Leakage Current 


10 


/iA 


VouT = -12V 


VOH 


Output High Voltage 


Vss-.5V 


Vss 




V 


Capacitive Load 


iOL 


Data Lines Sinking Current 


8 


15 




mA 


VoUT = Vss 


Vol 


Output Low Voltage, Data Bus, CM, SYNC 


Vss-12 




Vss-6.5 


V 


Iql = 0.5mA 


ROH 


Output Resistance, Data Line "0" Level 




200 


300 


n 


VoUT = Vss -.5V 


I/O INPUT CHARACTERISTICS 


I LI 


Input Leakage Current 


10 


^A 




V|H 


Input High Voltage 


Vss-1.5 




Vss+.S 


V 




V|L 


Input Low Voltage 


Vdd 




Vss-4.2 


V 




V|L 


CLR/LD Input Low Voltage 


Vdd 




Vss-4.2 


V 




R| 


Input Resistance, if Used 


10 


18 


35 


kn 


R| tied to Vss; 
V|N = Vss -3V 


R,n] 


Input Resistance, if Used 


15 


25 


40 


ka 


Ri tied to Vdd; 
V|N = Vss -3V 


I/O OUTPUT CHARACTERISTICS 


VoH 


Output High Voltage 


VSS-.5V 


V 


IOUT = 


RoH 


I/O Output "0" Resistance 




1.2 


2 


kn 


VouT = Vss -.5V 


lOL 


I/O Output "^" Sink Current 


2.5 


5 




mA 


VouT = Vss -.5V 


lOL^^J 


I/O Output "1 " Sink Current 


0.8 


3 




mA 


VoUT = Vss -4.85V 


ICF 


I/O Output "1" Clamp Current 


4 


mA 


VouT=Vss-6V; 
Ta = 70°C 


Vol 


I/O Output Low Voltage 


Vss-12 




Vss-6.5 


V 


louT = 50iuA 



Notes: 1. R| is large signal equivalent resistance to (Vss -12) V. 

2. For TTL compatabiiity, use 12kn external resistor to Vdd- 
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D.C. and Operating Characteristics 

CAPACITANCE 


Symbol 


Parameter 


Limit 
Min. Typ. 


Max. 


Unit 


Test Conditions 


C0 


Clock Capacitance 


14 


20 


pF 


V|N = Vss 


Cdb 


Data Bus Capacitance 


7 


10 


pF 


V|N = Vss 


C|N 


input Capacitance 


10 


pF 


V|N = Vss 


COUT 


Output Capacitance 


10 


pF 


V|N = Vss 



4308 OUTPUT PINS ("1" LEVEL) 



4308 SUPPLY CURRENT VS. TEMPERATURE 



\ 


/>• 








Vdd = 


15.0V 


\ 














\^ 




^ 












^ 


^ 


s\ 












X 


<\ 


^ 


V 
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^ 


is^ 














^^ 









::^ 


l;;;^^--<:f^u 








^5 
















4308 OUTPUT PINS ("0" LEVEL) 





Vdd = 


-15.0V 






}fk 












A 
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A.C. Characteristics 

Ta = 0°C to 70° C, Vss -Vdd = 15V ±5% 



i 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Test Conditions 


tCY 


Clock Period 


1.35 




2.0 


/isec 




t0R 


Clock Rise Time 


50 


ns 




t0F 


Clock Fall Time 


50 


ns 




t0PW 


Clock Width 


380 




480 


ns 




t0D1 


Clock Delay 0i to 02 


400 




550 


ns 




t0D2 


Clock Delay 02 to 0i 


150 


ns 




tw 


Data-in, CM, SYNC Write Time 


350 


100 




ns 




tHn,3] 


Data-in, CM, SYNC Hold Time 


40 


20 




ns 




tosf2] 


Set Time (Reference) 





ns 




tACC 


Data-Out Access Time 

Data Lines 
SYNC 
CM-ROM 
CM-RAM 


930 
930 
930 
930 


ns 
ns 
ns 
ns 


CoUT = 

500pF Data Lines[4] 
500pF SYNC 
160pF CM-ROM 
50pF CM-RAM 


tOH 


Data-Out Hold Time 


50 


150 




ns 


CouT = 20pF 


t|S 


I/O Input Set-Time 


50 


ns 




t|H 


I/O Input Hold-Time 


100 


ns 




tpw I/O 


C/L Pulse-Width 


1000 


400 




ns 




tw C/L 


C/L Write Time 


350 


200 




ns 




tH C/L 


C/L Hold Time 


100 


ns 




to 


I/O Output Delay 


1500 


ns 


CoUT = 100pF 


tc[5] 


I/O Output Delay on C/L 




750 


1500 


ns 


CoUT = 100pF 


tW02Ff6] 


Data In Write Time with Respect to 02 


-30 


-60 




ns 





Notes: 1. tn measured with t0R = lOnsec. 

2. TacC is Data Bus, SYNC and CM-line output access time referred to the 02 trailing edge which clocks these lines out. tQS 's 
the same output access time referred to the leading edge of the next 02 clock pulse. 

3. All MCS-40 components which may transmit instruction or data to 4004/4040 at M2 and X2 always enter a float state 
until the 4004/4040 takes over the data bus at X-| and X3 time. Therefore the tn requirement is always insured since each 
component contributes lOjuA of leakage current and lOpF of capacitance which guarantees that the data bus cannot change 
faster than 1V/ms. 

4. tACC' 4308 is guaranteed with t0D2 ~ 200 nsec. 

5. C/L Clears output buffer when low. C/L enters data into input buffer when low. C/L rising edge latches input buffer. Port 
Option 1 and 1 1 are mutually exclusive on any 4308. 

6. Data Bus Inputs are guaranteed valid before 02 falling edge by 4004, 4040 t/\cc- '^ ^P\N(t)2 's widened, then tcY 's increased 
and Data Bus Inputs remain valid before 02 falling edge. Thus, t\/\/02F 's not a system constraint. 
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Figure 2. Tinning Diagram. 
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Figure 3. Timing Detail. 
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Programming Instruction 

To insure optimum handling of ROM programs and avoid 
delays, programs should be specified in the following format. 

Paper Tape Format* 

A 1" wide paper tape using 8 bit ASCII code, such as a 
model 33ASR teletype produces: 

A. Preamble 

1. Preceding the first word field and following the 
last word field, there should be a leader/trailer 
length of at least 25 characters. This should con- 
sist of rubout punches. 

2. Included in the tape before the leader, and pre- 
ceded by another leader, should be the cus- 
tomer's complete telex or twx number and if 
more than one pattern is being transmitted, the 
ROM pattern number. 

3. The first ROM pattern preamble field is the 
device type number or ROM number. The field 
should be framed by an "I" and "— " 

14308- 

This should be followed by the chip select infor- 
mation encoded in decimal (two digits), and 
enclosed by "C" and "S", as in 

"ChhS" 
The valid select digits for the 4308 are 0-3 

"C0S"-"C3S" 

Finally, the I/O options would be specified on a 
port-by-port basis with the connections to be 
made separated by commas, and enclosed in 
parentheses: 

"(n1,n2, n3...)". 

where (nl, n2 . . .) are the option numbers asso- 
ciated with one I/O line. Hence, for the 4308 
there will be sixteen bracketed collections of I/O 
options. 

Each I/O pin has a series of 1 1 possible connec- 
tions. These connections are consecutively num- 
bered from 1-11. It is these numbers that should 
be in parentheses for each I/O pin. 

Example: "( )" indicates no connection 

"( 1 )" indicates only #1 
"(2,5,7)" indicates connections 
#2, 5 and 7. 

I/O options should be placed on the tape sequen- 
tially for the 4308, from I/OOq - 1/083(16). 
Always avoid illegal combinations. 



*NOTE: Cards may also be submitted. 



B. ROM Code 

The format requirements are as follows: 

1. All word fields are to be punched in consecutive 
order, starting with word field (all addresses 
low). There must be exactly N word fields for 
the N X 8 ROM organization. 

2. Each word field must begin with the start charac- 
ter B and end with the stop character F. There 
must be exactly 8 data characters between the B 
and F. Within the word field, a P results in a high 
level output (Vss or logic for MCS-40 CPUs) 
and a N results in a low level output (Vqd or logic 
1 for MCS-40 CPUs). 

Example of 256 x 8 format (N=256): 

St;)rt ChHiacter 

Stop Charjcter — | Data Field 



1 



MSB 



I 1 1 

BPPPNNNNNFBNNNNNNPPF...BNPNPPPNNF 



Word Field 1 



Word Field 255 



Between word fields, comments not containing 
B's or F's may be inserted. Carriage return and 
line feed characters should be inserted (as a 
"comment") just before each word field (or at 
least between every four word fields). When 
these carriage returns, etc., are inserted, the tape 
may be easily listed on the teletype for purposes 
of error checking. It may be helpful to insert the 
word number (as a comment) at least every four 
word fields. 

Within the ROM pattern words a character, 
"X", may be used. Where "?" and "N" indicate a 
"0" and "1" setting respectively, an "X" will in- 
dicate a single bit — "Don't Care" setting. This 
allows the optimum default bit values to be se- 
lected by Intel. The bit value will be fixed to allow 
for testing. The. values will be specified to the 
user on the Verification Listing tape. 
In the place of a standard BPNF word, a "B*nF" 
word may be used. This indicates that the data in 
the last BPNF word encountered is to be 
repeated for the next n words (1 ^ n < 1023). 
Note that if a repeat count of 4 is given in word 
position 10, then words 10, 11, 12, and 13 will 
be repeats of word 9 (except for Don't Care bits 
which might conceivably have different assigned 
values). 

To indicate that an entire block (such as the 
remainder ofU ROM) is not used (i.e., Don't 
Care), a word of Don't Care data can be followed 
by the remaining word count in a repeat count 
form. 
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MCS^ 

CUSTOM ROM 
ORDER FORM 


4308 
ROM 


CUSTOMER 


P.O. NUMBER. 
nATF 
















STD 




For Intel use only 
PPPP 

ZZ 

nn 




APR 




nATF 







All custom 4308 ROM orders must be submitted on this form. Programming information should be sent in the form of computer 
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 



MARKING 

The marking as shown at the right must contain the Intel logo, 
the product type {P4308), the 4-digit Intel pattern number 
(PPPP), a date code (XXXX), and the 2-digit chip number 
(DD). An optional customer identification number may be 
substituted for the chip number (ZZ). Optional Customer 
Number (maximum 6 characters or spaces). 

CUSTOMER NUMBER 



£ 



INTEL PATTERN NUMBER 



I 



P4308 PPPP 
XXXX . , ZZ 



DATE CODE 



CHIP NUMBER OR 
CUSTOMER NUMBER 



MASK OPTION SPECIFICATION 

A. CHIP NUMBER (Must be specified). 

B. I/O OPTION — Specify the connection numbers for each 
I/O pin. See table below. 

C. 4308 CUSTOM ROM PATTERN - Programming informa- 
tion should be sent in the form of computer punched cards 



or punched paper tape, in either case, a printout of the truth 
table must accompany the order. Based on the particular cus- 
tomer pattern, the characters should be written as a "P" for a 
high level output = Vss (negative logic "0") or an "N" for 
a low level output = Vpo (negative logic "1 "). 

Note that: NOP = BPPPP PPPPF = 0000 0000 



i 



PIN 


OPTION 


l/OOo 


27 




2 


3 


4 


5 


6 


7 


8 


9 


10 




l/OOl 


26 




2 


3 


4 


5 


6 


7 


8 


9 


10 




I/O 02 


25 




2 


3 


4 


5 


6 


7 


8 


9 


10 




I/OO3 


24 




2 


3 


4 


5 


6 


7 


8 


9 


10 




I/OI0 


5 




2 


3 


4 


5 


6 


7 


8 


9 


10 




I/OI1 


4 




2 


3 


4 


5 


6 


7 


8 


9 


10 




I/OI2 


3 




2 


3 


4 


5 


6 


7 


8 


9 


10 




I/OI3 


2 




2 


3 


4 


5 


6 


7 


8 


9 


10 




i/0 2o 


17 




2 


3 


4 


5 


6 


7 


8 


9 


10 




l/0 2i 


16 




2 


3 


4 


5 


6 


7 


8 


9 


10 




1/0 22 


15 




2 


3 


4 


5 


6 


7 


8 


9 


10 




I/O 23 


14 




2 


3 


4 


5 


6 


7 


8 


9 


10 




l/0 3o 


21 




2 


3 


4 


5 


6 


7 


8 


9 


10 




l/0 3i 


20 




2 


3 


4 


5 


6 


7 


8 


9 


10 




1/0 32 


19 




2 


3 


4 


5 


6 


7 


8 


9 


10 




1/033 


18 




2 


3 


4 


5 


6 


7 


8 


9 


10 









MUX 


— 


DATA 

BUS 

OUTPUT 






ROM 




Dn 


PATTERN 




' 












t 



















SET 
LOGIC 









Q 
OUTPUT 

L/F 
RESET Q 



c: 



CLK 

INPUT 



'I 



r 



|0- OVdd 



Uw-] 
I/O PORT LINE OPTION A Vss 



NOTE: Options 10 and 1 1 cannot both be specified. 
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int^l 431 6A 

16,384 BIT STATIC MOS READ ONLY MEMORY 



Organization: 2048 Words x 8 Bits 
Access Time: 850 ns IVIax. 



Single + 5 Volts Power Supply Voltage 

Directly TTL Compatible — All Inputs 
and Outputs 

Low Power Dissipation of 31.4 /xW/Bit 
Maximum 

Three Programmable Chip Select 
Inputs for Easy Memory Expansion 



OR-Tie 



Three-State Output • 
Capability 

Fully Decoded — On Chip Address 
Decode 

Inputs Protected — All Inputs Have 
Protection Against Static Charge 

Interface to 4004/4040 CPU Via 
4008/4009 or 4289 Standard Memory 
Interface 




The Intel® 4316A is a 16,384-bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is designed for 
microcomputer memory applications where high performance, large bit storage, and simple interfacing are important design 
objectives. It can be used in MCS-40 systems via the 4008/4009 or 4289 Standard Memory Interface component. 

The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The three chip select 
inputs are programmable. Any combination of active high or low level chip select inputs can be defined and the desired chip 
select code is fixed during the masking process. These three programmable chip select inputs, as well as OR-tie compatibility 
on the outputs, facilitate easy memory expansion. 

The 4316A read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with 
high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all devices are directly TTL 
compatible. 



PIN CONFIGURATION 




BLOCK DIAGRAM 



Oi O2 O3 O4 O5 Og 0, o, 



OUTPUT BUFFERS 

I I I I I I 



c.s. 

DECODE 



Y DECODER 1 OF 16 x 8 



♦♦♦>♦♦!♦ 



16, 384 BIT 
CELL MATRIX 



EH 



CHIP 
SELECT 
PROG. 



li_t 



CHIP 

SELECT 

INPUT 

BUFFERS 



PIN NAMES 



Ao- Aio 


ADDRESS INPUTS 


Oi-Ob 


DATA OUTPUTS 


CSv CS3 


PROGRAMMABLE CHIP SELECT INPUTS 



7-104 



431 6A 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin With Respect 

To Ground -0.5V to +7V 

Power Dissipation 1.0 Watt 



*COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device. reliability. 



D.C. and Operating Characteristics 

Ta = 0°C to +70°C, Vcc = 5V ±5% unless otherwise specified 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP.<1' 


MAX. 


Ili 


Input Load Current 
(All Input Pins) 






10 


ma 


V|N = to 5.25V 


Iloh . 


Output Leakage Current 






10 


ma 


CS = 2.2V, VouT = 4.0V 


Ilol 


Output Leakage Current 






-20 


ma 


CS = 2.2V, VouT = 0-45V 


Ice 


Power Supply Current 




40 


98 


mA 


All inputs 5.25V Data Out Open 


V|L 


Input "Low" Voltage 


-0.5 




0.8 


V 




V|H 


Input "High" Voltage 


2.0 




Vcc+I.OV 


V 




Vol 


Output "Low" Voltage 






0.45 


V 


lOL = 2.0 mA 


VOH 


Output "High" Voltage 


2.2 






V 


Ioh = -ioomA 


(1) Typical values for Ta = 25°C and nominal supply voltage. 



A.C. Characteristics 

Ta = 0°C to +70°C, Vcc = +5V ±5% unless otherwise specified 



i 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


MIN. 


TYP.<^) 


MAX. 


tA 


Address to Output Delay Time 




400 


850 


nS 


tco 


Chip Select to Output Enable Delay Time 






300 


nS 


tDF 


Chip Deselect to Output Data Float Delay Time 







300 


nS 





CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Output Load ... 1 TTL Gate, and Cload = 100 P^ 

Input Pulse Levels 0.8 to 2.0V 

Input Pulse Rise and Fall Times .(10% to 90%) 20 nS 
Timing Measurement Reference Level 

Input 1.5V 

Output . 0.45V to 2.2V 



Capacitance^^) i^ = 25^c,f = 1 mhz 



SYMBOL 


TEST 


LIMITS 


TYP. 


MAX. 


CjN 


All Pins Except Pin Under 
Test Tied to AC Ground 


4pF 


10 pF 


COUT 


All Pins Except Pin Under 
Test Tied to AC Ground 


8 pF 


15 pF 



(2) This parameter is periodically sampled and is not 100% tested. 
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OUTPUT VALID 



wmm/r/k 

' // / OUTPUT HIGH IMPEDANCE //, 

WMmm/A 
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4702A 
REPROGRAMMABLE 2K PROM 



■ Access Time: 1.7 usee Max. 

■ Fast Programming: 2 Minutes 
for all 2048 Bits 

■ Ultraviolet Erasable and 
Electronically Reprogrammable 

■ Fully Decoded, 256 x 8 
Organization 



■ Static MOS: No Clocks Required 

■ Inputs and Outputs TTL 
Compatible 

■ Three-State Output: OR-Tie 
Capability 

■ Simple Memory Expansion 
Chip Select Input Lead 



The 4702A is a 256 word by 8 bit electrically programmable ROM ideally suited for microcomputer system development where 
fast turn-around and pattern experimentation are important. The 4702A undergoes complete programming and functional 
testing on each bit position prior to shipment, thus insuring 100% programmability. 

The 4702A is packaged in a 24 pin dual-in-line package with a transparent quartz lid. The transparent quartz lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the device. This procedure 
can be repeated as many times as required. 

The circuitry of the 4702A is entirely static; no clocks are required. 

A pin-for pin metal mask programmed ROM, the Intel® 1302A, is ideal for large volume production runs of systems initially 
using the 4702A. 

The 4702A is fabricated with silicon gate technology. This low threshold technology allows the design and production of higher 
performance MOS circuits and provides a higher functional density onamonolithicchipthan conventional MOS technologies. 



PIN CONFIGURATION 
— U — 



2 
3 

4 (LSB) 



*DATA OUT ^[2 
•DATA OUT 2 [2 
•DATA OUT 3[^ 
•DATA OUT 4[^ 
•DATA OUT 5 [^ 
•DATA OUT 6[^ 
•DATA OUT 7 I 
•DATA OUT 8[^ 11 (MSB) 
Vcc \Z ^2 



24 ^Vdd 

23 ;;]vcc 
22 ;;^vcc 

21 I]A3 

20 ^A4 

19 I]A5 

18 ^Ag 

17 I]A7 

16 Z]Vgg 

15 ZJVbb 

14 ^CS 

13 ^PROGRAM 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 

t 1 


CS-* 


OUTPUT 
BUFFERS 






AM— i- 


2048 BIT 

PROM MATRIX 

(256 X 8) 










DECODER 










INPUT 
DRIVERS 




tt-- 

Ao Ai 


— t 

Ay 



•THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING. 

PIN NAMES 




A0-A7 


ADDRESS INPUTS 


cs 


CHIP SELECT INPUT 


D01-D02 


DATA OUTPUTS 
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Pin Connections 

The external lead connections to the 4702A differ, depending on whether the device is being programmed H) or used in read 
mode. (See following table.) 



MODE 


PIN 


12 
(Vcc) 


13 
(Program) 


14 
(CS) 


15 
<Vbb) 


16 
<Vgg) 


22 

(Vcc) 


23 
(Vcc) 


Read 


Vcc 


Vcc 


GND 


Vcc 


Vgg 


Vcc 


Vcc 


Programming 


GND 


Program Pulse 


GND 


Vbb 


Pulsed Vgg(V,l4p) 


GND 


GND 



Absolute {Maximum Ratings* 

Ambient Temperature Under Bias 0°C to +70°C 

Storage Temperature -65 °C to +125°C 

Soldering Temperature of Leads (10 sec) +300°C 

Power Dissipation 2 Watts 

Read Operation: Input Voltages and Supply 

Voltages with respect to Vcc +0.5 V to -20V 

Program Operation: Input Voltages and Supply 

Voltages with respect to Vcc -48V 



•COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification Is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 



READ OPERATION 

D.C. and Operating Characteristics 



Ta = 0°C to 70°C, Vcc = +5V±5%, V 


DD=-10V±5%, 


Vgg=-10V±5%, 


unless otherwise noted. 




SYMBOL 


TEST 


MIN. 


TYP 


(2) MAX. 


UNIT 


CONDITIONS 


'l. 


Address and Chip Select 
Input Load Current 


10 


hA 


V,^J = O.OV 


'lo 


Output Leakage Current 


10 


mA 


VouT = 0-0V,CS = Vcc-2 


'ddo 


Power Supply Current 




6 


14 


mA 


Vgg=Vcc.cs=Vcc-2 

l0L= 0.0mA, Ta=25"C 


'ddi 


Power Supply Current 




39 


54 


mA 


CS=Vcc -2 

Iql =O.OmA,TA =25°C 




'dD2 


Power Supply Current 




36 


50 


mA 


CS=0.0 
loL=O.OmA,TA =25°C 


Continuous 
Operation 


'dD3 


Power Supply Current 




43 


63 


mA 


CS=Vcc -2 

Iql =O.OmA , T^ = 0°C 


'CF1 


Output Clamp Current 




8 


14 


m.A 


Vout = -iov,Ta=ooc 




•CF2 


Output Clamp Current 


13 


mA 


VouT = -l-0V.T^=25°C J 




•gg 


Gate Supply Current 


10 


ma 




V|L1 


Input Low Voltage for 
TTL Interface 


-1.0 




0.65 


V 




V|L2 


Input Low Voltage for 
MOS Interface 


Vdd 




Vcc -6 


V 




V,H 


Address and Chip Select 
Input High Voltage 


Vcc -2 




Vcc +0.3 


V 




'OL 


Output Sink Current 


1.6 


4 




mA 


Vqut = 0.45V 


^^^VoL 


Output Low Voltage 




-.7 


0.45 


V 


Iql = 1.6mA 


Vqh 


Output High Voltage 


3.5 


V 


'oH--100AiA 



Note 1 : In the programming mode, the data inputs 1 -8 are pins 4-11 respectively. CS = GND, 
Note 2: Typical values are at nonninal voltages and T/^ = 25''c. 



7-1 08 



4702A 



A.C. Characteristics 



T^ =0°Cto+70°C,Vcc 



= +5V ±5%, Vo 



= -10V±5%, Vqq =-10V±5% unless otherwise noted 



SYMBOL 


TEST 


MINIMUM 


TYPICAL 


MAXIMUM 


UNIT 


Freq. 


Repetition Rate 






1 


MHz 


tQH 


Previous read data valid 






100 


ns 


^ACC 


Address to output delay 






1.7 


MS 


tcs 


Chip select delay 






800 


ns 


tco 


Output delay from CS 






900 


ns 


^OD 


Output deselect 






300 


ns 



Capacitance"^ t^ = 25 °c 



SYMBOL 


TEST 


MINIMUM 


TYPICAL 


MAXIMUM 


UNIT 


CONDITIONS 


C|N 


Input Capacitance 




8 


15 


pF 


V|N=VcC ^ 
CS=Vcc 
VoUT = Vcc 
Vgg = Vcc _ 


All 
unused pins 


Cqut 


Output Capacitance 




10 


15 


pF 


are at A.C. 
ground 



• This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 

Conditions of Test: 

Input pulse amplitudes: to 4V; tp, tp <50 ns. 

a) For output load = 1 TTL gate; measurements 
made at output of TTL gate (tpp <1 5 ns) 

b) For pure capacitive load of 75pf. 



-CYCLE TIME 1/FREQ- 



3DRESS ¥| 



X 



i 



^oL "^ I "" T" 



iRESS X 



DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 



90% \ / I 



V^ 



X 
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MCS 4/40" PROTOTYPE SYSTEMS 



Intel distributors are now stocking two MCS-40 systems which may be used to 

prototype products and will make low volume manufacturing more 
economical. Additional prototype systems will be offered as newer 
microcomputer components are developed. 

System Number System Composition 

MCS-4 System A Prototype system for 4-bit Microcomputer with C4004 CPU. 

Each system includes: 

Quantity Device 

1 P4002-1 

1 P4003 

1 C4004 

1 P4008 

1 P4009 

1 C4702A 

IVlCS-40 System A Prototype system for 4-bit IVIIcrocomputer with C4040 CPU. 

Each system includes: 

Quantity Device 

1 P4002-1 

1 P4003 

1 C4040 

1 P4201 

1 P4289 

1 C4702A 
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MCS-80 
MICROCOMPUTER SYSTEM 




TM 



MCS-80 MICROCOMPUTER SYSTEM 



Type 


Group 


Description 


Page No. 


8080A 


CPU 


Central Processor 


8-5 


8080A-1 


CPU 


Central Processor (1.3iLts) 


8-12 


8080A-2 


CPU 


Central Processor (1.5ius) 


8-16 


M8080A 


CPU 


Central Processor (-55° to +125°C) 


8-20 


8224 


CPU 


Clock Generator 


8-25 


8228/8238 


CPU 


System Controller 


8-29 


8008, 8008-1 


CPU 


Eight-Bit Microprocessor 


8-33 


8702A 


ROMs 


Erasable PROM (256x8) 


8-40 


8708 


ROMs 


Erasable IK X 8 PROM 


8-43 


8302 


ROMs 


Mask ROM (256x8) 


8-46 


8308 


ROMs 


Mask ROM (IK X 8) 


8-49 


831 6A 


ROMs 


MaskR0M(2Kx8) 


8-52 


8101-2 


RAMs 


Static RAM (256x4) 


8-54 


8101A-4 


RAMs 


Static RAM (256x4) 450 ns 


8-57 


8111-2 


RAMs 


Static RAM (256 x 4) 


8-60 


8111A-4 


RAMs 


Static RAM (256 X 4) 450 ns 


8-63 


8102A-4 


RAMs 


Static RAM (IK xl) 450 ns 


8-66 


8107B-4 


RAMs 


Dynamic RAM (4Kx1) 


8-69 


8222 


RAMs 


Dynamic RAM Refresh Controller 


8-74 


8212 


I/O 


8-Bit I/O Port 


8-75 


8255 


I/O 


Programmable Peripheral Interface 


8-79 


8251 


I/O 


Programmable Communication Interface 


8-85 


8205 


Peripherals 


One of Eight Decoder 


8-89 


8214 


Peripherals 


Priority Interrupt Control Unit 


8-92 


8216/8226 


Peripherals 


4-Bit Bi-Directional Bus Driver 


8-96 


8253 


Peripherals 


Programmable Interval Timer 


8-100 


8257 


Peripherals 


Programmable DMA Controller 


8-102 


8259 


Peripherals 


Programmable Interrupt Controller 


8-104 
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MCS-80 MICROCOMPUTER SYSTEM 



MCS-80^^ components form complete systems with many optional configurations. 
They eliminate the problems of hardwired design by integrating control and process- 
ing functions in LSI blocks that interface with one another through a standard sys- 
tem bus. 

The systems building blocks include: 

• The basic CPU Group, which defines and drives the bus-the 8080A CPU, 
8224 Clock Generator and 8228 System Controller. 

• Three CPU options for higher speed and extended temperature range appli- 
cations. 

• Twelve I/O and peripherals options, five of which are programmable LSI 
devices that control and communicate with external equipment in software select- 
able modes. 

• Memory options, including 8K erasable PROMs, 16K ROMs, low power 1K 
CMOS RAMs, and low cost 4K RAMs-all with industry standard configurations for 
ease of use and economy. 



STSTB CLOCK 8224 
GENERATOR 
AND DRIVER 



nn: 



SYNC <t>2 01 RESET 

INI 
RDY 8080A CPU 

WR D0-D7 DBIN HLDA A0-A15 



4 



71 



8228/8238 

SYSTEM 
CONTROLLER 



H 



iz 



I 8212 ADDRESS 

I I R5f,c. BUFFERS/ I 
I ^2°^ DECODER I 

(]J3216_ (OPTI£NAU J 



1 








1 










1 




8702A 




8302 








ROMs 


8308 




_ 


8708 




8316A 



7T" 



23 



DATA BUS 18) 



EI 



CONTROL BUS (6) 



ADDRESS BUS (16) 






"TV 




8101-2 
8111-2 



8102A-4 
8107B-4 
8210 
8102-2 5lbl 8222 



RAMs 



m 



TV 



H 



-"v^ 



2^^ 



^ 



I/O 

COMMUNICATION 

INTERFACE 



-<> — <> 



8255 PERIPHERAL 
INTERFACE 



^ 



-^7- 



PRIORITY 
INTERRUPT 
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8080A CHIP PHOTOGRAPH WITH SECTIONAL DIVISIONS 
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intel^ 8080A 

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 

The 8080A is functionally and electrically compatible with the Intel® 8080. 



TTL Drive Capability 
2 lis Instruction Cycle 

Powerful Problem Solving 
Instruction Set 

Six General Purpose Registers 
and an Accumulator 

Sixteen Bit Program Counter for 
Directly Addressing up to 64K Bytes 
of Memory 



Sixteen Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

Decimal,Binary and Double 
Precision Arithmetic 

Ability to Provide Priority Vectored 
Interrupts 

512 Directly Addressed I/O Ports 



The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 
The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are pro- 
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR- 
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 



8080A CPU FUNCTIONAL 
BLOCK DIAGRAM 



BI-DIRECTIONAL 
DATA BUS 



(8 BIT) 
INTERNAL DATA BUS 



il 



DATA BUS 
BUFFER/LATCH 



T 



ACCUMULATOR 



IE 



ACCUMULATOR 
LATCH (8) 



7^ 



1^ 



TL 



JARITHMETIC 
LOGIC 
^ UNIT 
(ALU) 

(8) 



n 



INSTRUCTION 
REGISTER (8) 



DECIMAL 
ADJUST 



iZ. 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 



POWER 
SUPPLIES' 



+12V 
+5V 



iz. 



TIMING 

AND 

CONTROL 



DATA BUS INTERRUPT HOLD WAIT 

WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 



L^o: n 1 I ! i I 1 I I ti 



DBIN INTE INT HOLD HOLD WAIT 



(8 BIT) 
INTERNAL DATA BUS 



MULTIPLEXER 



D 
REG. 



STACK POINTER 



PROGRAM COUNTER 



INCREMENTER/DECREMENTER 
ADDRESS LATCH (if 



REGISTER 
"ARRAY 



±Z. 



ADDRESS BUFFER 



SYNC 01 ci2 RESET 



Ai5-Ao 
ADDRESS BUS 
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8080A FUNCTIONAL PIN DEFINITION 

The following describes the function of all of the 8080A I/O pins. 
Several of the descriptions refer to internal timing periods. 
A15.A0 (output three-state) 

ADDRESS BUS; the address bus provides the address to memory 
(up to 64K 8-bit words) or denotes the I/O device number for up 
to 256 Input and 256 output devices. Aq is the least significant 
address bit. 

D7-D0 (input/output three-state) 

DATA BUS; the data bus provides bi-directional communication 
between the CPU, memory, and I/O devices for instructions and 
data transfers. Also, during the first clock cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that de- 
scribes the current machine cycle. Dq Is the least significant bit. 

SYNC (output) 

SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
Indicate the beginning of each machine cycle. 

DBIN (output) 

DATA BUS IN; the DBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to 
enable the gating of data onto the 8080A data bus from memory 
or I/O. 

READY (input) 

READY; the READY signal indicates to the 8080A that valid 
memory or input data is available on the 8080A data bus. This 
signal is used to synchronize the CPU with slower memory or I/O 
devices. If after sending an address out the 8080A does not re- 
ceive a READY input, the 8080A will enter a WAIT state for as 
long as the READY line is low. READY can also be used to single 
step the CPU. 

WAIT (output) 

WAIT; the WAIT signal acknowledges that the CPU is in a WAIT 
state. 

WR (output) 

WRITE; the WR signal is used for memory WRITE or I/O output 
control. The data on the data bus is stable while the WR signal is 
active low (WR = 0). 

HOLD (input) 

HOLD; the HOLD signal requests the CPU to enter the HOLD 
state. The HOLD state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com- 
pleted its use of these buses for the current machine cycle. It is 
recognized under the following conditions: 

• the CPU is In the HALT state. 

• the CPU is in the T2 or TW state and the READY signal is active. 
As a result of entering the HOLD state the CPU ADDRESS BUS 
(A15-A0) and DATA BUS (D7-D0) will be In their high impedance 
state. The CPU acknowledges Its state with the HOLD AC- 
KNOWLEDGE (HLDA) pin. 

HLDA (output) 

HOLD ACKNOWLEDGE; the HLDA signal appears In response 
to the HOLD signal and Indicates that the data and address bus 




Pin Configuration 



at: 



will go to the high impedance state. The HLDA signal begins 

• T3 for READ memory or input. 

• The Clock Period following T3 for WRITE memory or OUT- 
PUT operation. 

In either case, the HLDA signal appears after the rising edge of 0i 
and high impedance occurs after the rising edge of 02- 

INTE (output) 

INTERRUPT ENABLE; indicates the content of the internal inter- 
rupt enable flip/flop. This flip/flop may be set or reset by the En- 
able and Disable Interrupt Instructions and inhibits interrupts 
from being accepted by the CPU when It is reset. It Is auto- 
matically reset (disabling further interrupts) at time T1 of the in- 
struction fetch cycle (Ml) when an interrupt is accepted and is 
also reset by the RESET signal. 

INT (input) 

INTERRUPT REQUEST; the CPU recognizes an interrupt re- 
quest on this line at the end of the current instruction or while 
halted. If the CPU Is in the HOLD state or if the Interrupt Enable 
flip/flop Is reset it will not honor the request. 

RESET (input)[1] 

RESET; while the RESET signal is activated, the content of the 
program counter is cleared. After RESET, the program will start 
at location in memory. The INTE and HLDA flip/flops are also 
reset. Note that the flags, accumulator, stack pointer, and registers 
are not cleared. 
Vss Ground Reference. 

+ 12 ±5% Volts. 

+5 ± 5% Volts. 

-5 ±5% Volts (substrate bias). 

2 externally supplied clock phases, (non TTL compatible) 



Vdd 
Vcc 
Vbb 

01.02 
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ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias 0°C to +70° C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages 

With Respect to Vbb -0-3V to +20V 

^cc Vdd and Vss With Respect to Vbb "0-3 V to +20V 
Power Dissipation 1.5W 



*COMMENT: Stresses above those listed under Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Vdd = +12V ± 5%, Vqc = +5V ± 5%, Vbb = -5V ± 5%, Vss = OV, Unless Otherwise Noted. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 


V|LC 


Clock Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V|HC 


Clock Input High Voltage 


9.0 




Vdd + 1 


V 




V|L 


Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V,H 


Input High Voltage 


3.3 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 1.9mA on all outputs. 


VoH 


Output High Voltage 


3.7 






V 


loH=-150/xA. 


Idd(av) 


Avg. Power Supply Current (Vpo) 




40 


70 


mA 


Operation 
TcY = -48 iLtsec 


ICC(AV) 


Avg. Power Supply Current (Vqc) 




60 


80 


mA 


Ibb(av) 


Avg. Power Supply Current (Vbb) 




.01 


1 


mA 


IlL 


Input Leakage 






±10 


MA 


Vss<V,N<Vcc 


ICL 


Clock Leakage 






±10 


A^A 


Vss < VCLOCK ^ Vqd 


Idl121 


Data Bus Leakage in Input Mode 






-100 
-2.0 


MA 
mA 


Vss <V|N<Vss + 0.8 V 
Vss+0.8V<V,N<Vcc 


Ifl 


Address and Data Bus Leakage 
During HOLD 






+ 10 
-100 


ma 


Vaddr/data = Vcc 
Vaddr/data= Vss + 0.45V 



CAPACITANCE 

T = 25°C Vcc = Vdd = Vss = OV, Vbb = -5V 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Condition 


C0 


Clock Capacitance 


17 


25 


Pf 


fc = 1 MHz 


C|N 


Input Capacitance 


6 


10 


Pf 


Unmeasured Pins 


COUT 


Output Capacitance 


10 


20 


pf 


Returned to Vss 



NOTES: 

1. The RESET signal must be active for a minimum of 3 clock cycles. 

2. When DBIN is high and V||\| > V|h an internal active pull up will 
be switched onto the Data Bus. 

3. AI supply / ATa = -0.45%/° C. 



TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE. NORMALIZED. 131 




+25 +50 +75 

AMBIENT TEMPERATURE TC) 



DATA BUS CHARACTERISTIC 
DURING DBIN 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Vdd = +12V ± 5%, Vqc = +5V ± 5%, Vge = -5V ± 5%, Vss = OV, Unless Otherwise Noted 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tcYt3] 


Clock Period 


0.48 


2.0 


/isec 




tr,tf 


Clock Rise and Fall Time 





50 


nsec 




t01 


01 Pulse Width 


60 




nsec 




t02 


02 Pulse Width 


220 




nsec 




tDl 


Delay 0^ to 02 







nsec 




tD2 


Delay 02 to 0i 


70 




nsec 




tD3 


Delay 0i to 02 Leading Edges 


80 




nsec 




tDAt2] 


Address Output Delay From 02 




200 


nsec 




-Cl = 100pf 


tDDf2l 


Data Output Delay From 02 




220 


nsec 


tDcf^J 


Signal Output Delay From 0i, or 02 (SYNC, WR,WAiT,HLDA) 




120 


nsec 


- Cl = 50pf 


tDFf2] 


DBIN Delay From 02 


25 


140 


nsec 


tD.M] 


Delay for Input Bus to Enter Input Mode 




tDF 


nsec 




^DSI 


Data Setup Time During 0-| and DBIN 


30 




nsec 







TIMING 



[14] 
WAVEFORMS (Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 

"0" = 1.0V; INPUTS "1" = 3.3V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V.) 



WR 



n 



-*— '02— *-l 



A- 



A. 



r~\ 



DZIIZ 



DZ 



r 






r^v 



i DATA IN 



n. 



; 



■^;: 



®; 



■\ 



T^H 



t\. 



J^^l 






^'~^-^ 



J 



X 



:im 



z)t® 



X 
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A.C. CHARACTERISTICS (Continued) 

Ta = 0°C to 70°C, Vdd = +12V ± 5%, Vqc = +5V ± 5%, Vge = -5V ± 5%, Vss = OV, Unless Otherwise Noted 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tDS2 


Data Setup Time to 02 During DBIN 


150 




nsec 




tDH^H 


Data Hold Time From 02 During DBIN 


[11 




nsec 




t,Ef2] 


INTE Output Delay From 02 




200 


nsec 


Cl = 50pf 


tRS 


READY Setup Time During 02 


120 




nsec 




tHS 


HOLD Setup Time to 02 


140 




nsec 




tis 


INT Setup Time During 02 (During 0i in Halt Mode) 


120 




nsec 




tH 


Hold Time From 02 (READY, INT, HOLD) 







nsec 




tpD 


Delay to Float During Hold (Address and Data Bus) 




120 


nsec 




tAwl2] 


Address Stable Prior to WR 


[5] 




nsec 






tDwl2l 


Output Data Stable Prior to WR 


[61 




nsec 




tWDl2l 


Output Data Stable From WR 


[7] 




nsec 




tWAt2] 


Address Stable From WR 


[7] 




nsec 


_ CL=100pf: Address, Data 
CL=50pf: WR, HLDA, DBIN 


tHFl2l 


HLDAto Float Delay 


[8] 




nsec 


tWFl2] 


WR to Float Delay 


[91 




nsec 




tAHl2l 


Address Hold Time After DBIN During HLDA 


-20 




nsec 





A 



A. 



i^~^ 



:c 



*WD 



NOTES: 

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tDH = 50 ns or top, whichever is less. 

2. Load Circuit. 



+5V 



f 



OUTPUT ° Il7 



^-— tWF ► 



1^ 



IBO/iiA 




3- tCY = tD3 + ^02 + V2 + ^i<t>2 + *D2 + V01 > 480ns. 



TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 

+20 r 























^SPEC 




^^ 









Z3Z 



A CAPACITANCE (pf) 



4. The following are relevant when interfacing the 8080A to devices having V/|h = 3.3V: 

a) Maximum output rise time from .8V to 3.3V = 100ns @ Cl = SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ Cl = SPEC. 

c) If Cl =^ SPEC, add .6ns/pF if Cl> CsPEC' subtract .3ns/pF (from modified delay) if Cl < CsPEC- 

5. tAW = 2 tcY -tD3 -tr<^2-140nsec. 

6. tDW = ^CY -tD3-V02-''7Onsec. 

7. If not HLDA, tWD = tWA = ^03 + tr02 +10ns. If HLDA, tyVD = ^WA = ^WF' 

8. tHF = tD3 + tr02 -50ns. 

9. tv\/F = tD3 +tr02-lOns 

10. Data in must be stable for this period during DBIN -Ts. Both tQSl a"d tDS2 f""*^ ^^ satisfied. 

1 1 . Ready signal must be stable for this period during T2 or T\fj. (Must be externally synchronized.) 

12. Hold signal must be stable for this period during T2 or Tyy/ when entering hold mode, and during T3, T4, T5 
and Ty\/H when in hold mode. (External synchronization is not required.) 

13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 
recognized on the following instruction. (External synchronization is not required.) 

14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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8080A 



INSTRUCTION SET 

The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 

Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 

The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 



increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 

Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed I/O provided 
for In the 8080A instruction set. 

The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows It to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 



Data and Instruction Formats 

Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 

same format. 



D7 De D5 D4 D3 D2 Di Do 



DATA WORD 

The program Instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words In program memory. The instruction formats then depend on the particular operation 
executed. 



One Byte Instructions 



D7 Dq D5 D4 D3 D2 Di Do 



Two Byte Instructions 



D7 De D5 D4 D3 D2 Di 


Do 


D7 Dq D5 D4 D3 D2 Di 


Do 


Three Byte Instructions 


D7 De D5 D4 D3 D2 Di 


Do 


D7 Dq Dq D4 D3 D2 Di 


Do 


D7 De D5 D4 D3 D2 Di 


Do 



OPCODE 



OPCODE 
OPERAND 

OPCODE 

LOW ADDRESSOR OPERAND 1 

HIGH ADDRESSOR OPERAND 2 



TYPICAL INSTRUCTIONS 

Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 



Immediate mode or I/O instructions 



Jump, call or direct load and store 
instructions 



For the 8080A a logic "1" Is defined as a high level and a logic "0" is defined as a low level. 



INSTRUCTION SET 

Summary of Processor Instructions 



8080A 











Instruction Code Ml 




ClockI21 










Instruction Code(i 


1 




Clock (21 


Mnimonic 


Description 


D7 


De 


Ds 


D4 D3 


D2 


D 


Do 


Cycles 


Mnemonic 


Description 


D7 


De 


Ds 


D4 D3 


D2 


Dl 


Do 


Cycles 


M0VM.r2 


Move register to register 





1 





D 


s 


s 


s 


5 


RZ 


Return on zero 









1 











5/11 


MOVM, r 


Move register to memory 





1 




1 


S 


s 


s 


7 


RNZ 


Return on no zero 















c 





5/11 


MOVr.M 


Move memory to register 





1 


D 


D 




1 





7 


RP 


Return on positive 






1 


1 











5/11 


HLT 


Halt 





1 




1 




1 





7 


RM 


Return on minus 






1 


1 1 











5/11 


MVIr 


Move immediate register 








D 


D D 




1 





7 


RPE 


Return on parity even 






1 


1 











5/11 


MVIM 


Move immediate memory 










1 




1 





10 


RPO 


Return on parity odd 






1 














5/11 


INRr 


Increment register 








D 


D D 










5 


RST 


Restart 






A 


A A 


1 


1 


1 


11 


DCRr 


Decrement register 








D 


D D 







1 


5 


IN 


Input 









1 1 





1 


1 


10 


INRM 


increment memory 










1 










10 


OUT 


Output 









1 





1 


1 


10 


DCRM 


Decrement memory 










1 







1 


10 


LXIB 


Load immediate register 




















1 


10 


ADDr 


Add register to A 













S 


s 


s 


4 




Pair B & C 


















ADCr 


Add register to A with carry 












S 


s 


s 


4 


LXI D 


Load immediate register 











1 








1 


10 


SUBr 


Subtract register from A 












S 


s 


s 


4 




Pair & E 


















SBBr 


Subtract register from A 
with borrow 












S 


s 


s 


4 


LXI H 


Load immediate register 
Pair H & L 








1 











1 


10 


ANAr 


And register with A 







1 




S 


s 


s 


4 


LXISP 


Load immediate stack pointer 








1 


1 








1 


10 


XRAr 


Exclusive Or register with A 







1 




s 


s 


s 


4 


PUSHB 


Push register Pair B & C on 


1 










1 





1 


11 


ORAr 


Or register with A 







1 




s 


s 


s 


4 




stack 


















CMPr 


Compare register with A 







1 




s 


s 


s 


4 


PUSHD 


Push register Pair D & E on 


1 







1 


1 





1 


11 


ADOM 


Add memory to A 



















7 




stack 


















ADCM 


Add memory to A with carry 



















7 


PUSHH 


Push register Pair H & L on 


1 




1 





1 





1 


11 


SUBM 


Subtract memory from A 



















7 




stack 


















SBBM 


Subtract memory from A 
with borrow 



















7 


PUSH PSW 


Push A and Flags 
on stack 


1 




1 


1 


1 





1 


11 


ANAM 


And memory with A 







1 











7 


POPB 


Pop register pair B & C off 


1 
















1 


10 


XRAM 


ExclusiveOr memory with A 







1 











7 




stack 


















ORAM 


Or memory with A 







1 











7 


POPD 


Pop register pair D & E off " 


1 







1 








1 


10 


CMPM 


Compare memory with A 







1 











7 




stack ' 


















ADI 


Add immediate to A 


















7 


POPH 


Pop register pair H & L off 


1 












Q 


1 


10 


ACI 


Add immediate to A with 
carry 


















7 


POP PSW 


stack 

Pop A and Flags 


1 






1 








1 


10 


SUI 


Subtract immediate from A 


















7 




off stack 


















SBI 


Subtract immediate from A 
with borrow 


















7 


STA 
LDA 


Store A direct 
Load A direct 










1 

1 1 






1 
1 






13 
13 


ANI 


And immediate with A 






1 











7 


XCHG 


Exchange D & E, H & L 


1 






1 





1 


1 


4 


XRI 


Exclusive Or immediate with 
A 






1 











7 


XTHL 


Registers 

Exchange top of stack,H&L 


1 












1 


1 


18 


ORI 


Or immediate with A 






1 











7 


SPHL 


H & L to stack pointer 


1 






1 1 








1 


5 


CPI 


Compare immediate with A 






1 











7 


PCHL 


H & L to program counter 


1 






1 








1 


5 


RLC 


Rotate A left 

















1 


4 


DADB 


Add B & C to H & L 










1 








1 


10 


RRC 


Rotate A right 

















1 


4 


DADO 


Add & E to H & L 










1 1 








1 


10 


RAL 


Rotate A left through carry 

















1 


4 


DADH 


Add H & L to H & L 










1 








1 


10 


RAR 


Rotate A right through 

















1 


4 


DADSP 


Add stack pointer to H & L 










1 1 








1 


10 




carry 


















STAXB 


Store A indirect 






















7 


JMP 


Jump unconditional 
















1 


10 


STAXD 


Store A indirect 











1 










7 


JC 


Jump on carry 



















10 


LDAXB 


Load A indirect 











1 










7 


JNC 


Jump on no carry 



















10 


LDAXD 


Load A indirect 











1 1 










7 


JZ 


Jump on zero 



















10 


INXB 


Increments & C registers 



















1 


5 


JNZ 


Jump on no zero 



















10 


INXD 


Increment D & E registers 











1 







1 


5 


JP 


Jump on positive 






1 












10 


INXH 


Increment H & L registers 








1 










1 


5 


JM 


Jump on minus 






1 












10 


INXSP 


Increment stack pointer 








1 


1 







1 


5 


JPE 


Jump on parity even 






1 












10 


DCXB 


Decrement B & C 











1 







1 


5 


JPO 


Jump on parity odd 






1 












10 


DCXD 


Decrement D & E 











1 1 







1 


5 


CALL 


Call unconditional 
















1 


17 


DCXH 


Decrement H & L 








1 


1 







1 


5 


CC 


Call on carry 



















11/17 


DCXSP 


Decrement stack pointer 








1 


1 1 







1 


5 


CNC 


Call on no carry 



















11/17 


CMA 


Complement A 








1 


1 


1 




1 


4 


CZ 


Call on zero 



















11/17 


STC 


Set carry 








1 


1 


1 




1 


4 


CNZ 


Call on no zero 



















11/17 


CMC 


Complement carry 








1 


1 1 


1 




1 


4 


CP 


Call on positive 






1 












11/17 


DAA 


Decimal adjust A 








1 





1 




1 


4 


CM 


Call on minus 






1 












11/17 


SHLD 


Store H & L direct 








1 













16 


CPE 


Call on parity even 






1 












11/17 


LHLD 


Load H & L direct 








1 


1 










18 


CPO 


Call on parity odd 






1 













11/17 


El 


Enable Interrupts 


1 


1 


1 


1 1 







1 


4 


RET 


Return 

















1 


10 


Dl 


Disable interrupt 


1 


1 


1 


1 







1 


4 


RC 


Return on carry 




















5/11 


NOP 


No-operation 























4 


RNC 


Return on no carry 









1 











5/11 























NOTES: 



1. DDDorSSS - 000 B - 001 C - 010 D - 01 1 E- 100 H - 101 L- 110 Memory - 111 A. 

2. Two possible cycle times, (5/1 1 ) indicate instruction cycles dependent on condition flags. 
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intel^ 8080A-1 

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 

The 8080A is functionally and electrically compatible with the Intel® 8080. 



TTL Drive Capability 
1.3 /xs Instruction Cycle 

Powerful Problem Solving 
Instruction Set 

Six General Purpose Registers 
and an Accumulator 

Sixteen Bit Program Counter for 
Directly Addressing up to 64K Bytes 
of Memory 



Sixteen Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

Decimal,Binary and Double 
Precision Arithmetic 

Ability to Provide Priority Vectored 
Interrupts 

512 Directly Addressed I/O Ports 



The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 
The8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-llne bi-directional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are pro- 
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR- 
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 





8080A CPU FUNCTIONAL 
BLOCK DIAGRAM 
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8080A-1 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to +70° C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages 

With Respect to Vbb -0-3V to +20V 

Vcc. Vdd and Vss With Respect to Vbb -0.3V to +20V 
Power Dissipation 1.5W 



*COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 70°C. Vdd = +12V ± 5%, Vcc = +5V ± 5%, Vbb ' 



-5V ± 5%, Vss = OV, Unless Otherwise Noted. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 


V|LC 


Clock Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V|HC 


Clock Input High Voltage 


9.0 




Vdd + 1 


V 




V|L 


Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V|H 


Input High Voltage 


3.3 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 1.9mA on all outputs. 


VOH 


Output High Voltage 


3.7 






V 


loH =150mA. 


'ddiavi 


Avg. Power Supply Current (Vpo) 




40 


70 


mA 


Operation 
TcY = .32Msec 


Ice (AV) 


Avg. Power Supply Current {Vqc) 




60 


80 


mA 


Ibb(av) 


Avg. Power Supply Current (Vbb) 




.01 


1 


mA 


l|L 


Input Leakage 






±10 


ma 


Vss < V,N < Vcc 


ICL 


Clock Leakage 






±10 


ma 


Vss ^ VcLOCK ^ Vdd 


Idl!21 


Data Bus Leakage in Input Mode 






-100 
-2.0 


/iA 
mA 


Vss <V,N<Vss + 0.8 V 
Vss+0.8V<V,N<Vcc 


Ifl 


Address and Data Bus Leakage 
During HOLD 






+ 10 
-100 


ma 


Vaddr/data = Vcc 
Vaddr/data = Vss + 0.45V 



CAPACITANCE 

T^ = 25°C Vcc = Vdd = Vss = OV, Vbb = -5V 



TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALIZED. 131 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Condition 


C0 


Clock Capacitance 


17 


25 


Pf , 


fc = 1 MHz 


CjN 


Input Capacitance 


6 


10 


Pf 


Unmeasured Pins 


CoUT 


Output Capacitance 


10 


20 


pf 


Returned to Vss 



NOTES: 

1 . The RESET signal must be active for a minimum of 3 clock cycles. 

2. When DBIN is high and V|n > V|h an internal active pull up will 
be switched onto the Data Bus. 

3. AI supply / ATa = -0.45%/° C. 





+25 +50 

AMBIENT TEMPERATURE TO 



DATA BUS CHARACTERISTIC 
DURING DBIN 
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8080A-1 



A C f*H AR AOTFRIQTIf^Q caution: When operating the 8080A-1 at or near full speed, care must be taken to assure precise timing compatibility between 8080A-1, 8224 and 8228. 

Ta = 0°C to 70°C, Vdd = +12V ± 5%, Vqc = +5V ± 5%, Vbb = -5V ± 5%, Vgs = OV, Unless Otherwise Noted 



Symbol 


1 

Parameter 


Min. 


Max. 


Unit 


Test Condition 


tcYl3) 


Clock Period 


.32 


2.0 


Afsec 




tr.tf 


Clock Rise and Fall Time 





25 


nsec 




t01 


01 Pulse Width 


50 




nsec 




t02 


02 Pulse Width 


145 




nsec 




tDI 


Delay 0i to 02 







nsec 




tD2 


Delay 02 to 0i 


60 




nsec 




tD3 


Delay 0i to 02 Leading Edges 


60 




nsec 




tDAt2] 


Address Output Delay From 02 




150 


nsec 




- Cl = 50pf 


tDDt2l 


Data Output Delay From 02 




180 


nsec 


tDcf2) 


Signal Output Delay From 0i, or 02 (SYNC, WR,WAiT,HLDA) 




110 


nsec 


- Cl = 50pf 


tDFf2] 


DBIN Delay From 02 


25 


130 


nsec 


tD,l1] 


Delay for Input Bus to Enter Input Mode 




tDF 


nsec 




tDSI 


Data Setup Time During 0i and DBIN 


10 




nsec 







TIMING WAVEFORMS 



[14] 



(Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 
"0" = l.OV; INPUTS "V = 3.3V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V.) 




01 


} 


a 


tcY . 


1 
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1 1 
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-..- 
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^ 






SYNC 
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.^ 
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toe — 
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WR 
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^ ^1 
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8080A-1 



A.C. CHARACTERISTICS (Continued) 

Ta = 0°C to 70°C, Vdd = +12V ± 5%, Vqc = +5V ± 5%, Vge = -5V ± 5%. Vss = OV, Unless Otherwise Noted 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tDS2 


Data Setup Time to 02 During DBIN 


120 




nsec 




tDHlll 


Data Hold Time From 02 During DBIN 


[11 




nsec 




t,E[2l 


INTE Output Delay From 02 




200 


nsec 


Cl = 50pf 


tRS 


READY Setup Time During 02 


90 




nsec 




tHS 


HOLD Setup Time to 02 


120 




nsec 




t|S 


INT Setup Time During 02 (During 0i in Halt Mode) 


100 




nsec 




tH 


Hold Time From 02 (READY, INT, HOLD) 







nsec 




tFD 


Delay to Float During Hold (Address and Data Bus) 




120 


nsec 




tAwt2] 


Address Stable Prior to WR 


[51 




nsec 


-H 




tDwf2l 


Output Data Stable Prior to WR 


[61 




nsec 




tWDt2l 


Output Data Stable From WR 


[71 




nsec 




tWAt2] 


Address Stable From WR 


[71 




nsec 


_ Cl= 50pf : Address, Data 
CL=50pf:WR, HLDA, DBIN 


tHFt2l 


HLDA to Float Delay 


[81 




nsec 


twFt2l 


WR to Float Delay 


[91 




nsec 




tAH[2l 


Address Hold Time After DBIN During HLDA 


-20 




nsec 





A 



A. 



;^^ 






f 



NOTES: 

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tQH ~ 50 "S or tQF' whichever is less. 

2. Load Circuit. 

+5V 



8080A o 

OUTPUT J^ 



^ ^F 



¥J' 




3- tCY = tD3 + V02 + t02 + tf02 + tD2 + ^r<t>^ > 320ns. 



TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 

+20 







/ 








/ 








^SPEC 




^^ 










Ji CAPACITANCE (pf) 

'^ACTUAL ~ ^SPEC' 

4. The following are relevant when interfacing the 8080A to devices having V|h = 3.3V: 

a) Maximum output rise time from .8V to 3.3V = 100ns @ Cl = SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ Cl = SPEC 

c) If Cl 4-- SPEC, add .6ns/pF if Cl> CsPEC. subtract .3ns/pF (from modified delay) if Cl < CsPEC- 
5- tAW = 2 tcY -^03 -tr02 -1 lOnsec. 

6. tDW = tCY -tD3 -tr02 -150nsec. 

7. If not HLDA, twD = tWA ^ ^D3 ■•■ ^r02 "^""O^s. If HLDA, twD = twA = tyVF- 

8. tHF = tD3 + tr02-5Ons. 

9. twF = to3 +tr02-1Ons 

10. Data in must be stable for this period during DBIN ^3. Both tpsi 3"^ tos2 "^"st be satisfied. 

1 1 . Ready signal must be stable for this period during T2 or T\/\/. (Must be externally synchronized.) 

12. Hold signal must be stable for this period during T2 or T\/y when entering hold mode, and during T3, T4, T5 
and T\/\/n when jn hold mode. (External synchronization is not required.) 

13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 
recognized on the following instruction. (External synchronization is not required.) 

14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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intel' 8080 A-2 

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 



TTL Drive Capability 
1.5 IMS Instruction Cycle 

Powerful Problem Solving 
Instruction Set 

Six General Purpose Registers 
and an Accumulator 

Sixteen Bit Program Counter for 
Directly Addressing up to 64K Bytes 
of Memory 



■ Sixteen Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

■ Decimal,Binary and Double 
Precision Arithmetic 

■ Ability to Provide Priority Vectored 
Interrupts 

■ 512 Directly Addressed I/O Ports 



The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 
The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are pro- 
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR- 
tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 



8080A CPU FUNCTIONAL 
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8080A-2 



ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias 0°C to +70 C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages 

With Respect to Vbb -0-3V to +20V 

Vcc. Vdd and Vss With Respect to Vbb -0-3V to +20V 
Power Dissipation 1.5W 



*COMMENT: Stresses above those listed under A bsolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Vdd = +12V ± 5%, Vcc = +5V ± 5%, Vge = 



-5V ± 5%, Vss = OV, Unless Otherwise Noted. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 


ViLC 


Clock Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V|HC 


Clock Input High Voltage 


9.0 




Vdd + 1 


V 




V,L 


Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V|H 


Input High Voltage 


3.3 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 1 -QinA on all outputs. 


VoH 


Output High Voltage 


3.7 






V 


l0H= 150mA. 


'dd (AV) 


Avg. Power Supply Current (Vdd) 




40 


70 


mA 


Operation 
" TcY = .SSjUsec 


ICC(AV) 


Avg. Power Supply Current (Vcc) 




60 


80 


mA 


Ibb(av) 


Avg. Power Supply Current (Vbb) 




.01 


1 


mA 


'iL 


Input Leakage 






±10 


jLiA 


Vss<V,N<Vcc 


'CL 


Clock Leakage 






±10 


jLtA 


Vss < VcLOCK < Vdd 


Idl12' 


Data Bus Leakage in Input Mode 






-100 
-2.0 


mA 


Vss<V,N<Vss + 0.8V 
Vss + 0.8V<V,N<Vcc 


Ifl 


Address and Data Bus Leakage 
During HOLD 






+ 10 
-100 


iuA 


Vaddr/data = Vcc 
Vaddr/data = Vss + 0.45V 

. ,_ , . 



CAPACITANCE 

T^ = 25°C Vcc = Vdd = Vss = OV, Vbb = -5V 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Condition 


C0 


Clock Capacitance 


17 


25 


Pf 


fc= 1 MHz 


C|N 


Input Capacitance 


6 


10 


Pf 


Unmeasured Pins 


Cqut 


Output Capacitance 


10 


20 


pf 


Returned to Vss 



NOTES: 

1 . The RESET signal must be active for a minimum of 3 clock cycles. 

2. When DBIN is high and V|n > V|h an internal active pull up will 
be switched onto the Data Bus. 

3. AI supply /ATa = -0.45%/° C. 



1.5 
1.0 
n i^ 


TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMAL IZED.Dl 












— 



I 



+25 +50 

AMBIENT TEMPERATURE CO 



DATA BUS CHARACTERISTIC 
DURING DBIN 




8-17 



8080A-2 



A.C. CHARACTERISTICS 

Ta = 0°C to yO^'C, Vdd = +12V ± 5%, Vcc = +5V ± 5%, Vbb = -5V ± 5%. Vss = OV, Unless Otherwise Noted 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tcYl3] 


Clock Period 


.38 


2.0 


At sec 




tr.tf 


Clock Rise and Fall Time 





50 


nsec 




t01 


01 Pulse Width 


60 




nsec 




t02 


02 Pulse Width 


175 




nsec 




tDI 


Delay 0i to 02 







nsec 




tD2 


Delay 02 to 0i 


70 




nsec 




tD3- 


Delay 0i to 02 Leading Edges 


70 




nsec 




tDA[2l 


Address Output Delay From 02 




175 


nsec 


z: 


-Cl = lOOpf 


tDD ^21 


Data Output Delay From 02 




200 


nsec 


tDcf2J 


Signal Output Delay From 0i , or 02 (SYNC, WR.WAiT,HLDA) 




120 


nsec 


- Cl = 50pf 


tDF f2J 


DBIN Delay From 02 


25 


140 


nsec 


tDlIlI 


Delay for Input Bus to Enter Input Mode 




tDF 


nsec 




tDSI 


Data Setup Time During 0i and DBIN 


20 




nsec 







TIMING WAVEFORMS 



[14] 



(Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 
"0" = l.OV; INPUTS "1" = 3.3V, "0" = 0.8V; OUTPUTS "V = 2.0V, "0" = 0.8V.) 



I 



A^S-Aq - 

D7D0 ■ 

SYNC 
DBIN 



A 



f\ 






n 



r^ 



DZTIZ 






oc I"* — 



.^^^l 



"^^ i^ATAIN 



A. 
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8080A-2 



A.C. CHARACTERISTICS (Continued) 

Ta = 0°C to 70°C, Vdd = +12V ± 5%, Vqc = +5V ± 5%, Vge = -5V ± 5%, Vss = OV, Unless Otherwise Noted 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tDS2 


Data Setup Time to 02 During DBIN 


130 




nsec 




tDH^Il 


Data Hold Time From 02 During DBIN 


111 




nsec 




t,E[2l 


INTE Output Delay From 02 




200 


nsec 


Cl = 50pf 


tRS 


READY Setup Time During 02 


90 




nsec 




tHS 


HOLD Setup Time to 02 


120 




nsec 




tis 


INT Setup Time During 02 (During <t>^ in Halt Mode) 


100 




nsec 




tH 


Hold Time From 02 (READY. INT, HOLD) 







nsec 




tFD 


Delay to Float During Hold (Address and Data Bus) 




120 


nsec 




tAwt2l 


Address Stable Prior to WR 


[5] 




nsec 






tDwt2l 


Output Data Stable Prior to WR 


[6] 




nsec 




twDl2l 


Output Data Stable From WR 


[7] 




nsec 




tWAl2) 


Address Stable From WR 


[71 




nsec 


_ Cl= lOOpf: Address, Data 
CL=50pf:WR, HLDA, DBIN 


tHFl2l 


HLDA to Float Delay 


[81 




nsec 


twFt2] 


WR to Float Delay 


[91 




nsec 




tAHt2l 


Address Hold Time After DBIN During HLDA 


-20 




nsec 





"/\ 



f\ 



J'—X 



*WA 



^VD 



toe 



-^^P 



NOTES: 

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured, 
ton = 50 ns or tpp, whichever is less. 

2. Load Circuit. 

+5V \ 



f 



1^ 




3. tcY = tD3 + tr02 + Hi + *f02 + <D2 + ^r^l > 380ns. 



TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 

+20 



l_ 







/ 








/ 








\sPEC 




^^ 









i 



.i CAPACITANCE (pf) 



^ACTUAL ~ ^SPEC 



4. The following are relevant when interfacing the 8080A to devices having Vih = 3.3V: 

a) Maximum output rise time from .8V to 3.3V = 100ns @ Cl = SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ Cl = SPEC. 

c) If Cl *■ SPEC, add .6ns/pF if Cl> Cspec- subtract .3ns/pF (from modified delay) if Cl < CsPEC- 

5. tAW = 2 tcY -tD3 -V02 -130nsec. 

6. tow = tcY -tD3 -^02 -1 70nsec. 

7. If not HLDA, tWD^^WA = tD3 "•" tr02 +10"S. If HLDA, tWD = ^WA = ^WF- 
8- tHF = tD3 + tr<^2 -50ns. 

9. tyvF = tD3 +tr02-''Ons 

10. Data in must be stable for this period during DBIN ■T3. Both tQsi and tQS2 must be satisfied. 

1 1 . Ready signal must be stable for this period during T2 or Tyv- (Must be externally synchronized.) 

12. Hold signal must be stable for this period during T2 or Ty^ when entering hold mode, and during T3, T4, T5 
and Tv\fH when jn hold mode. (External synchronization is not required.) 

13. Interrup^t signal must be stable during this period of the last clock cycle of any instruction in order to be 
recognized on the following instruction. (External synchronization is not required.) 

14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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intol M8080A 

SINGLE CHIP 8-BiT N-CHANNEL MICROPROCESSOR 



Full Military Temperature Range 
-55°Cto+125°C 

±10% Power Supply Tolerance 

2 /xs Instruction Cycle 

Powerful Problem Solving 
Instruction Set 

Six General Purpose Registers 
and an Accumulator 

Sixteen Bit Program Counter for 
Directly Addressing up to 64K Bytes 
of Memory 



■ Sixteen Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

■ Decimal,Binary and Double 
Precision Arithmetic 

■ Ability to Provide Priority Vectored 
Interrupts 

■ 512 Directly Addressed I/O Ports 

■ TTL Drive Capability 



The Intel® M8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 
The M8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed Individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal arithmetic operation. 

The M8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the M8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are pro- 
vided directly by the M8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR- 
tylng these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 
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M8080A 



ABSOLUTE MAXIMUM RATINGS'^ 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages 

With Respect to Vge -0.3V to +20V 

Vcc Vdd and Vss With Respect to Vbb -0.3V to +20V 
Power Dissipation 1.7W 



*COMMEN T: Stresses above those listed under A bsolu te Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = -55°C to +125°C, Vdd = +12V ±10%, Vqc = +5V ±10%, Vge =-5V ±10%, Vss = OV, Unless Otherwise Noted. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 


V,LC 


Clock Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V,HC 


Clock Input High Voltage 


8.5 




Vdd + 1 


V 




V|L 


Input Low Voltage 


Vss-1 




Vss+0.8 


V 




V|H 


Input High Voltage 


3.0 




Vcc + 1 


V 




Vol 


Output Low Voltage 






0.45 


V 


•oL ^ 1 .9mA on all outputs. 


VOH 


Output High Voltage 


3.7 






V 


loH = 150iuA. 


•dd(av) 


Avg. Power Supply Current (Voq) 




50 


80 


mA 


Operation 
■ TcY = -48 Msec 


'CC(AV) 


Avg. Power Supply Current (Vcc) 




60 


100 


mA 


•bb(av) 


Avg. Power Supply Current (Vqb) 




.01 


1 


mA 


l|L 


Input Leakage 






±10 


/iA 


Vss < V,N < Vcc 


ICL 


Clock Leakage 






±10 


ma 


Vss ^ VcLOCK ^ Vdo 


lDLt2] 


Data Bus Leakage in Input Mode 






-100 
-2.0 


ma 

mA 


Vss<V,N<Vss+0.8V 
Vss + 0.8V<V|N<VcC 


Ifl 


Address and Data Bus Leakage 
During HOLD 






+ 10 
-100 


mA 


Vaddr/data = Vcc 
Vaddr/data = Vss + 0.45V 



CAPACITANCE 

T^ = 25°C Vcc = Vdd = Vss = OV, Vbb = -5V 



TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALIZED. P] 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Condition 


C0 


Clock Capacitance 


17 


25 


Pf 


fc = 1 MHz 


C|N 


Input Capacitance 


6 


10 


Pf 


Unmeasured Pins 


COUT 


Output Capacitance 


10 


20 


pf 


Returned to Vss 



NOTES: 

1 . The RESET signal must be active for a minimum of 3 clock cycles. 

2. When DBIN is high and V|m > V|h an internal active pull up will 
be switched onto the Data Bus. 

3. A I supply / ATa = -0.45%/° C. 
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M8080A 



A.C. CHARACTERISTICS 

Ta = -55°C to +1 25°C, Vdd = +1 2V ±10%, Vcc = +5V ±10%, Vbb = -5V ±10%, Vgs = OV, Unless Otherwise Noted. 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tcY^^l 


Clock Period 


0.48 


2.0 


jLtsec 




tr.tf 


Clock Rise and Fall Time 





50 


nsec 




t01 


01 Pulse Width 


60 




nsec 




^02 


02 Pulse Width 


220 




nsec 




tDI 


Delay 0i to 02 







nsec 




^02 


Delay 02 to 0i 


80 




nsec 




tD3 


Delay 0i to 02 Leading Edges 


80 




nsec 




tDA^2l 


Address Output Delay From 02 




200 


nsec 






tDDt2] 


Data Output Delay From 02 




220 


nsec 




tDcf2l 


Signal Output Delay From 0i , or 02 (SYNC. WR,WAIT, HLDA) 




140 


nsec 


- Cl = 50pf 


top [2] 


DBIN Delay From 02 


25 


150 


nsec 


tD,(l] 


Delay for Input Bus to Enter Input Mode 




tDF 


nsec 




^DSI 


Data Setup Time During 0i and DBIN 


30 




nsec 







TIMING WAVEFORMS 



[14] 



(Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 7.0V, 
"0" = l.OV; INPUTS "1" = 3.0V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V.) 
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M8080A 



A.C. CHARACTERISTICS (Continued) 

Ta = -55°C to +125°C, Vdd = +12V ±10%, Vqc = +5V ±10%, Vbb = 



-5V ±10%, Vss = OV, Unless Otherwise Noted. 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tDS2 


Data Setup Time to 02 During DB IN 


130 




nsec 




tDH'll 


Data Hold Time From 02 During DBIN 


50 




nsec 




t,El21 


INTE Output Delay From 02 




200 


nsec 


Cl = 50pf 


tRS 


READY Setup Time During 02 


120 




nsec 




tHS 


HOLD Setup Time to 02 


140 




nsec 




tis 


INT Setup Time During 02 (During 01 in Halt Mode) 


120 




nsec 




tH 


Hold Time From 02 (READY. INT, HOLD) 







nsec 




tpD 


Delay to Float During Hold (Address and Data Bus) 




130 


nsec 




tAw'^l 


Address Stable Prior to WR 


15] 




nsec 






tDw'2' 


Output Data Stable Prior to WR 


[6] 




nsec 




twDl21 


Output Data Stable F rom WR 


[7] 




nsec 




twAl21 


Address Stable From WR 


[71 




nsec 


_CL = 50pf 


tHFl21 


HLDAto Float Delay 


18] 




nsec 




tWF'21 


WR to Float Delay 


(9] 




nsec 




tAHl21 


Address Hold Time After DBIN During HLDA 


-20 




nsec 





A 



A 



NOTES: 

1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tDH " 50 ns or tQF' whichever is less. 

2. Load Circuit. 



+5V 



1^~\ 






^WD 



f 



OUTPUT ° X" 



»DC 



-^-^^F- 



r 



F^ 




3- tCY = tD3 + tT<p2 + ^02 + <f</>2 + ^02 + ^r^l ^ 480ns. 



TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 

+20 







/ 








/ 






^^ 


^SPEC 




^^ 









i 



"Z): 



A CAPACITANCE (pf) 
'^ACTUAL " *^SPEC' 

4. The following are relevant when interfacing the M8080A to devices having V|h = 3.3V: 

a) Maximum output rise time from .BV to 3.3V = 100ns @ Cl = SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ Cl = SPEC. 

c) If Cl "*" SPEC, add .6ns/pF if Cl> CsPEC. subtract .3ns/pF (from modified delay) if Cl < CsPEC 

5. tAW = 2tcy -tD3-tr02-14Onsec. 

6. tDW = tCY -tD3-^r02-17Onsec. 

7. If not HLDA, tyVD'^tWA = tD3 ■•" tr02 +10ns. If HLDA, two = ^WA = 'WF- 

8. tHF = tD3 + tr02 -50ns. 

9. twF = tD3 +tr02-1O"s 

10. Data in must be stable for this period during DBIN •T3. Both tQSi and 1952 '""s' ^^ satisfied. 

11. Ready signal must be stable for this period during T2 or T^. (Must be externally synchronized.) 

12. Hold signal must be stable for this period during T2 or Tyy when entering hold mode, and during T3, T4, T5 
and TvvH when in hold mode. (External synchronization is not required.) 

13. Interrupt signal must be stable during this period of the last clock cycle of any instruction m order to be 
recognized on the following instruction. (External synchronization is not required.) 

14. This timing diagram shows timing relationships only; it does hot represent any specific machine cycle. 
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OTHER INTEL MCS-80 
MILITARY TEMP PRODUCTS 



AVAILABLE NOW 
M8080A 
M8102A-4 
M5101 
M8216 
M8316A 



COMING SOON 

M8224 

M8228 

M8212 

M8251 

M8255 

M8214 

M8702A 

M8708 



STSTB CLOCK M8224 
GENERATOR 
AND DRIVER 



SYNC 02 (b^ RESET 

INI 
RDY M8080ACPU 

WR D0-D7 DBIN HLDA A0-A15 



ML ^L 



IVI8228 

SYSTEM 
CONTROLLER 



H 



I IVI8212 ADDRESS 
|l BUFFERS/ I 

[|_IVI82_16 (OPTION_AUj 



7T 



E 



M8316A 

TV 



nn 



DATA BUS (8) 



H 



s 



n 



CONTROL BUS (6) 



s: 



ADDRESS BUS (16) 



LilL 



I/O 

COMMUNICATION 

INTERFACE 



•^^ 



M8255 PERIPHERAL 
INTERFACE 



S 



IVI8214 

PRIORITY 
M8212 INTERRUPT 



Military Microcomputer System 
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8224 

CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 



Single Chip Clock Generator/Driver 
for 8080A CPU 
Power-Up Reset for CPU 
Ready Synchronizing Flip-Flop 
Advanced Status Strobe 



Oscillator Output for External 

System Timing 

Crystal Controlled for Stable System 

Operation 

Reduces System Package Count 



The 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by 
the designer, to meet a variety of system speed requirements. 

Also included are circuits to provide power-up reset, advance status strobe and synchronization of ready. 

The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing 
for 8080A. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



RESET 1 


1 


16 


ZDVcc 


RESIN CZ 


2 


15 


1 XTAL 1 


RDYINJ 


3 


14 


1 XTAL 2 


READY 1 
SYNCi 


4 
5 


13 

8224 

12 


[TANK 

lose 


h <TTL) [^ 


6 


11 


Zj*, 


STSTB 1^ 


7 


10 


Z]*2 


gndI 


8 


9 


ZI^DD 



|T|> XTAL1 — 
|l^ XTAL2 
[l^ TANK 



[£> SYNC - 
[|> RlSlN- 

|T> RDYIN- 



CLOCK 
GEN. 






02D 0iA 



SCHMITT 
INPUT 




C Q 
D Q 



-OSC [l?> 

-0-, (Ti> 
-02 |io> 

-02(TTL)[?> 
STSTB |T> 

-RESET (T> 
- READY [T> 



i 



PIN NAMES 



RESIN 


RESET INPUT 


RESET 


RESET OUTPUT 


RDYIN 


READY INPUT 


READY 


READY OUTPUT 


SYNC 


SYNC INPUT 


STSTB 


STATUS STB 
(ACTIVE LOW) 


01 


/B080 
( CLOCKS 


02 



XTAL 1 


/ CONNECTIONS 
j FOR CRYSTAL 


XTAL 2 


TANK 


USED WITH OVERTONE XTAL 


OSC 


OSCILLATOR OUTPUT 


02 (TTL) 


02 CLK (TTL LEVEL) 


Vcc 


+5V 


Vdd 


+12V 


GND 


OV 
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Absolute Maximum Ratings* 

Temperature Under Bias — 0°Cto70°C 

Storage Temperature — 65°C to 150°C 

Supply Voltage, Vcc -0.5V to +7V 

Supply Voltage, Vpo -0.5V to +13.5V 

Input Voltage -1.5V to +7V 

Output Current 100mA 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings'' may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. Characteristics 

Ta = 0°C to 70°C; Vcc = +5.0V ±5%; Vqd = +12V ±5%. 





Parameter 


Limits 


Units 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


If 


Input Current Loading 






-.25 


mA 


Vp = .45V 


Ir 


Input Leakage Current 






10 


/iA 


Vr = 5.25V 


Vc 


Input Forward Clamp Voltage 






1.0 


V 


Ic = -5mA 


V|L 


Input "Low" Voltage 






.8 


V 


Vcc = 5.0V 


V|H 


Input "High" Voltage 


2.6 
2.0 






V 


Reset Input 
All Other Inputs 


V,H-V,L 


RESIN Input Hysteresis 


.25 






V 


Vcc = 5.0V 


Vol 


Output "Low" Voltage 






.45 
.45 


V 
V 


(01,02)/ Ready, Reset, STSTB 

loL =2.5mA 

All Other Outputs 

Iql = 15mA 


VOH 


Output "High" Voltage 

01 ,02 

READY, RESET 
All Other Outputs 


9.4 
3.6 
2.4 






V 
V 
V 


loH = -100/iA 
Ioh=-100mA 
Iqh =-1mA 


isctiJ 


Output Short Circuit Current 
(All Low Voltage Outputs Only) 


-10 




-60 


mA 


Vo = OV 
Vcc = 5.0V 


Ice 


Power Supply Current 






115 


mA 




Idd 


Power Supply Current 






12 


mA 





Note: 1. Caution, 0i and 02 output drivers do not have short circuit protection 



CRYSTAL REQUIREMENTS 

Tolerance: .005%at 0°C -70°C 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 

*With tank circuit use 3rd overtone mode. 
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A.C. Characteristics 

Vcc = +5.0V ± 5%; Vdd = +1 2.0V ± 5%; Ta = 0°C to 70°C 





Parameter 


Limits 


Units 


Test 


Symbol 


Min. 


Typ. 


Max. 


Conditions 


t0i 


01 Pulse Width 


?|^-20ns 






ns 




t<^2 


02 Pulse Width 


§|^-35ns 








tDI 


01 to 02 Delay 











tD2 


02 to 01 Delay 


2^^V-14ns 
9 






Cl = 20pF to 50pF 


tD3 


01 to 02 Delay 


2tcy 
9 




2^^^y + 20ns 
9 




tR 


01 and 02 Rise Time 






20 




tp 


01 and 02 Fall Time 






20 




tD02 


02 to 02 (TTL) Delay 


-5 




+15 


ns 


02TTL,CL=3O 
R 1=300^ 
R2=600n 






^V'^-SOns 
9 




6tcy 
9 






toss 


02 to STSTB Delay 








^-^-15ns 
9 








STSTB, CL=15pF 
Rl =2K 


tpw 


STSTB Pulse Width 


tORS 


RDYIN Setup Time to 
Status Strobe 


50ns -"^^^y 
9 






R2 = 4K 


tDRH 


RDYIN Hold Time 
After STSTB 


4tcy 
9 








tDR 


RDYIN or RESIN to 
02 Delay. 


^-|^-25ns 








Ready & Reset 
CL=10pF 
Rl=2K 
R2=4K 


tCLK 


CLK Period 




tcy 
9 








'max 


Maximum Oscillating 
Frequency 


27 






MHz 




Cm 


Input Capacitance 






8 


PF 


Vcc=+5.0V 
Vdd=+12V 
Vbias=2.5V 
f=1MHz 



TEST 
CIRCUIT 



I GND 



8-27 



8224 



WAVEFORMS 



^-*' 



-tcY- 



r\ 



r^ 



SYNC 
(FROM 8080A) 



\ 



RDYIN OR RESIN 



^e. 



/ 



-<D2- 



1_ 



3t 



3t; 



)~ 



=L^f 



^^ 



VOLTAGE MEASUREMENT POINTS: 0i, 02 Logic "0" = 1.0V, Logic "1" = 8.0V. All other signals measured at 1.5V. 

EXAMPLE: 

A.C. Characteristics (For tcv = 488.28 ns) 

Ta = 0°C to 70°C; Vdd = +5V ±5%; Vqd = +12V ±5%. 





Parameter 


Limits 


Units 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


t0i 


01 Pulse Width 


89 






ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 


tcy=488.28ns 


U2 


02 Pulse Width 


236 








tDI 


Delay 01 to 02 











tD2 


Delay 02 to 0i 


95 






_ 01 & 02 Loaded to 


tD3 


Delay 01 to 02 Leading Edges 


109 




129 


CL = 20to50pF 


tr 


Output Rise Time 






20 




tf 


Output Fall Time 






20 








296 




326 




^DSS 


02 to STSTB Delay 




tD02 


02 to 02 (TTL) Delay 


-5 




+15 




tpw 


Status Strobe Pulse Width 


40 






Ready & Reset Loaded 
to 2mA/10pF 


tDRS 


RDYIN Setup Time to STSTB 


-167 






tDRH 


RDYIN Hold Time after STSTB 


217 






All measurements 


tDR 


READY or RESET 
to 02 Delay 


'192 






referenced to 1.5V 
unless specified 
otherwise. 


^MAX 


Oscillator Frequency 






18.432 


MHz 
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8228/8238 

SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU 



Single Chip System Control for 
MCS'-80 Systems 
Built-in Bi-Directional Bus Driver 
for Data Bus Isolation 
Allows the use of Multiple Byte 
Instructions (e.g. CALL) for 
Interrupt Acknowledge 



User Selected Single Level Interrupt 
Vector (RST 7) 
28 Pin Dual In-Line Package 
Reduces System Package Count 

*8238 Has Advanced iOW/MEMW For 
Large System Timing Control 



The 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and I/O components. 

A bi-directional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 
8080 data bus from memory and I/O. This allows for the optimization of control signals, enabling the sys- 
tems deisgner to use slower memory and I/O. The isolation of the bus driver also provides for enhanced 
system noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small 
system requirements. The 8228 also generates the correct control signals to allow the use of multiple byte 
instructions (e.g., CALL) in response to an INTERRUPT ACKNOWLEDGE by the 8080A. This feature 
permits large, interrupt driven systems to have an unlimited number of interrupt levels. 

The 8228 is designed to support a wide variety of system bus structures and also reduce system package 
count for cost effective, reliable, design of the MCS-80 systems. 



PIN CONFIGURATION 



ststb[;[ 1 

HLDA [^ 2 

VVR|~ 3 

DBIN[]|| 4 

DBA C 5 

D4 C 6 

DB7[[ 7 

07^ 8 

DB3|~ 9 

DSQ 10 

DB2C 11 

D2C 12 

DBjrC 13 

GNdC 14 



8228/8238 



28 HVcc 
27 ^ITOW 
26 ^MEMW 
25 ^i/OR 
24 ^MEMR 
23 [I^INTA 
22 ^ BUSEN 
21 ^ D6 
20 "^ DB6 
19 ]3d5 
I]dB5 
IJDI 
^DBI 



8228/8238 BLOCK DIAGRAM 



CPU 
DATA • 
BUS 



BI-DIRECTIONAL 
BUS DRIVER 



- DBj 

- DB, 



— *-• — DBg 
-^-e- DBe 
— ^^DB^ 

DRIVER CONTROL 



SYSTEM DATA BUS 



STATUS 
LATCH 



STSTB - 

DBIN • 

WR ■ 

HLDA - 



GATING 
ARRAY 



MEMR 



-^ MEMW 

-^ ITOR 

-*► i/ow 

BUSEN 

— INTA 



PIN NAMES 



D7-D0 


DATA BUS (8080 SIDE) 


INTA 


INTERRUPT ACKNOWLEDGE 


DB7-DB0 


DATA BUS (SYSTEM SIDE) 


HLDA 


HLDA (FROM 8080) 


I/OR 


I/O READ 


WR 


WR (FROM 8080) 


I/OW 


I/O WRITE 


BUSEN 


BUS ENABLE INPUT 


MEMR 


MEMORY READ 


STSTB 


STATUS STROBE (FROM 8224) 


MEMW 


MEMORY WRITE 


Vcc 


+5V 


DBIN 


DBIN (FROM 8080) 


GND 


VOLTS 
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Absolute Maximum Ratings* 

Temperature Under Bias — 0°Cto70°C 

Storage Temperature -65°C to 150°C 

Supply Voltage, Vqc -0.5V to +7V 

Input Voltage -1 .5V to +7V 

Output Current 100mA 



* COMMENT: Stresses above those listed under '^Absolute 
Max /'mum Ratings'^' may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. Characteristics Ta = 0°C to 70°C; Vcc = 5V ±5%. 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.Ii] 


Max. 


Test Conditions 


Vc 


Input Clamp Voltage, All Inputs 




.75 


-1.0 


V 


Vcc=4.75V; lc=-5mA 


If 


Input Load Current, 
STSTB 






500 


ma 


Vcc = 5.25V 




D2&D6 






750 


ma 


Vf=0.45V 




Do, Di,D4, D5, 
&D7 






250 


ma 






Another Inputs 






250 


/lA 




Ir 


Input Leakage Current 
STSTB 






100 


fiA 


Vcc = 5.25 V 




DB0-DB7 






20 


MA 


Vr= 5.25V 




All Other Inputs 






100 


^A 




Vth 


Input Threshold Voltage, All Inputs 


0.8 




2.0 


V 


Vcc = 5V 


'cc 


Power Supply Current 




140 


190 


mA 


Vcc=5.25V 


Vol 


Output Low Voltage, 
D0-D7 






.45 


V 


Vcc=4.75V;loL=2mA 




All Other Outputs 






.45 


V 


loL = 10mA 


VoH 


Output High Voltage, 
D0-D7 


3.6 


3.8 




V 


Vcc=4.75V;Ioh=-10mA 




All Other Outputs 


2.4 






V 


Iqh =-1mA 


los 


Short Circuit Current, All Outputs 


15 




90 


mA 


Vcc=5V 


'o(off) 


Off State Output Current, 
Ail Control Outputs 






100 


ma 


Vcc=5.25V;Vo=5.25 




-100 


ma 


Vo=.45V 


•int 


INTA Current 






5 


mA 


(See Figure below) 



Note 1 : Typical values are for T/\ = 250C and nominal supply voltages. 
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WAVEFORMS 



^^ 



J~\L 



J~\, 



STATUS STROBE 

8080 DATA BUS 

DBIN 

INTA, iOR, MEMR 
HLDA 



J — ^_7 — ^_7 \ / \ r 

v..^ 



x: 






INTA, IOR, MEMR" 
DURING HLDA 



SYSTEM BUS DURING READ 



8080 BUS DURING READ- 



•^DC-*^ 



low OR MEM W 






8080 BUS DURING WRITE 



SYSTEM BUS DURING WRITE - 



J^ 



=bE3S<= 












JC 



SYSTEM BUS ENABLE 



■>VT-^ 



SYSTEM BUS OUTPUTS - 



VOLTAGE MEASUREMENT POINTS: D0-D7 (when outputs) Logic "0" = O.SV, Logic "1" = S.OV. All other signals measured 

at 1.5V. 



♦ADVANCED lOW/MEMW FOR 8238 ONLY. 



A.C. Characteristics Ta = 0°C to 70^C; Vcc = 5V ±5%. 





Parameter 


Limits 


Units 




Symbol 


Min. 


Max. 


Condition 


tpw 


Width of Status Strobe 


22 




ns 




tss 


Setup Time, Status Inputs D0-D7 


8 




ns 




tSH 


Hold Time, Status Inputs D0-D7 


5 




ns 




^DC 


Delay from STSTB to any Control Signal 


20 


60 


ns 


Cl = 100pF 


tRR 


Delay from DBIN to Control Outputs 




30 


ns 


Cl = 100pF 


tRE 


Delay from DBIN to Enable/Disable 8080 Bus 




45 


ns 


Cl = 25pF 


tRD 


Delay from System Bus to 8080 Bus during Read 




30 


ns 


Cl = 25pF 


%R 


Delay from WR to Control Outputs 


5 


45 


ns 


Cl=100pF 


tWE 


Delay to Enable System Bus DB0-DB7 after STSTB 




30 


ns 


Cl = 100pF 


twD 


Delay from 8080 Bus D0-D7 to System Bus 
DB0-DB7 during Write 


5 


40 


ns 


Cl= 100pF 


tE 


Delay from System Bus Enable to System Bus DB0-DB7 




30 


ns 


Cl = lOOpF 


tHD 


HLDA to Read Status Outputs 




25 


ns 




tDS 


Setup Time, System Bus Inputs to HLDA 


10 




ns 




tDH 


Hold Time, System Bus Inputs to HLDA 


20 




ns 


Cl= lOOpF 



i 
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Capacitance This parameter is periodically sampled and not 100% tested. 



Symbol Parameter 


Limits 


Unit 


Min. 


Typ.ni 


Max. 


C|N Input Capacitance 




8 


12 


pF 


Output Capacitance 
^^"^ Control Signals 




7 


15 


pF 


. I/O Capacitance 
. (D or DB) 




8 


15 


pF 



TEST CONDITIONS: Vbias = 2.5V, Vqc = 5.0V, Ta = 25 C, f = 1 MHz. 



Note 2: For Dg-Dy: R-) = 4Kn, R2 = <^n, 
CL=25pF. For all other outputs: 
Rl =500n,R2= IKn, C|_= lOOpF. 



TESTCIRCUITl^ 






A- 







INTA Test Circuit (for RST 7) 



i 









2 


8080A 
CPU 

HOLD 

INT 
INTE 

0, 
62 

WAIT 
READY 

RESET 
SYNC 


Ai 
A2 
A3 
A4 
A5 
Ae 
A7 
As 
A9 
Aio 
All 
A12 
Ai3 
A,, 

A,5 

WR 

DBIN 

HDLA 

^0 
D^ 

D2 
D3 
D4 

D5 

De 
D7 


25 














-, 






20 


26 






* Aq 






11 


27 






• Ai 






28 


29 






- A2 






13 


30 






•• A3 






31 






*■ A4 




32 






* A5 




33 






" Ae 




34 






•■ A7 . 




SYSTEM 




35 






" Ag 






14 


::- 1 






40 






' "10 




37 






" All 




SYSTEM 
INT 




38 






- A,2 






16 




39 






•■ Ai3 






22 


36 






*■ Ai4 




HQfA"^ 


18 








" Ai5 




17 














21 






3(J 






14 15 




10 






2| 4 


? 






13 
TANK ^ 


8224 

CLOCK 

GENERATOR 

DRIVER 


11 


15 


DB 

8228/8238 

BI-DIRECTIONAL 

BUS DRIVER 


13 




10 


15 




OSC^^ 


9 




17 


16 




4 


24 




02 (TTL) •< 


8 




12 


11 


3 


23 


7 




10 


9 


RESIN .-C 


1 12 


3 




6 


5 




4 




19 


18 




5 


19 




g 
+12V ^ 


5 




21 


20 




15V '? 


6 




8 


7 








8 










28 


23 

;> 






SYSTEM 
CONTROL 






1 


7 














14 


24 












1 


26 






STATUS STROBE 
















22 


25 








BUSEN 




^27 





























ADDRESS BUS 



DBo 

DB^ 

DB2 

DB3 

DB4 

DB5 

DBg 

DB7 

iNTA 

MEM R 

MEMW 

I/OR 

l/OW 



- CONTROL BUS 



CPU Standard Interface 
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8008/8008-1 
EIGHT-BIT MICROPROCESSOR 



Instruction Cycle Time — 
12.5 iLS with 8008-1 or 20 [is 
with 8008 

Directly addresses 16K x 8 
bits of memory (RAM, ROM, 
or S.R.) 

Interrupt Capability 



48 Instructions, Data 
Oriented 

Address stack contains 
eight 14-bit registers 
(including program counter) 
which permit nesting of 
subroutines up to seven 
levels 



The 8008 is a single chip MOS 8-bit parallel central processor unit for the MCS-8 microcomputer system. 

This CPU contains six 8-bit data registers, an 8-bit accumulator, two 8-bit temporary registers, four flag bits (carry, zero, sign, 
parity), and an 8-bit parallel binary arithmetic unit which implements addition, subtraction, and logical operations. A memory 
stack containing a 14-bit program counter and seven 14-bit words is used internally to store program and subroutine addresses. 
The 14-bit address permits the direct addressing of 16K words of memory (any mix of RAM, ROM or S.R.). 

The instruction set of the 8008 consists of 48 instructions including data manipulation, binary arithmetic, and jump to sub- 
routine. 

The normal program flow of the 8008 may be interrupted through the use of the INTERRUPT control line. This allows the 
servicing of slow I/O peripheral devices while also executing the main program. 

The READY command line synchronizes the 8008 to the memory cycle allowing any type or speed of semiconductor memory 
to be used. 



8008 CPU 
Block Diagram 



Dq-d, bi-directional 

DATA BUS 



JL 



DATA BUS 
BUFFER 



(8 BIT) 
INTERNAL DATA BUS 



JL 



(8 BIT) 
INTERNAL DATA BUS 




7T 



ii 



INSTRUCTION I 
REGISTER (8)1" 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 



STACK 
MULTIPLEXER | 



PROGRAM COUNTER 
(14) 



LEVEL NO. 2 



ADDRESS 
STACK 



S^ 



ACCUMULATOR 



B 
REG. 



C 
REG. 



E 
REG. 



SCRATCH 
PAD 



SYNC <t>-i i>2 
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8008 PHOTOMICROGRAPH 
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8008, 8008-1 



8008 FUNCTIONAL PIN DESCRIPTION 




D0-D7 

BI-DIRECTIONAL DATA BUS. All address and 
data communication between the processor and the 
program memory, data memory, and I/O devices 
occurs on these 8 lines. Cycle control information 
is also available. 

INT 

INTERRUPT input. A logic "^" level at this input 
causes the processor to enter the INTERRUPT 
mode. 

READY 

READY input. This command line is used to syn- 
chronize the 8008 to the memory cycle allowing 
any speed memory to be used. 



SYNC 

SYNC output. Synchronization signal generated by 
the processor. It indicates the beginning of a ma- 
chine cycle. 

0V^2 

Two phase clock inputs. 

So/Si,S2 

MACHINE STATE OUTPUTS. The processor con- 
trols the use of the data bus and determines whether 
it will be sending or receiving data. State signals 
So, Si, and S2, along with SYNC inform the pe- 
ripheral circuitry of the state of the processor. 

Vcc +5V±5% 
Vdd -9V ±5% 
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BASIC INSTRUCTION SET 

Data and Instruction Formats 

Data in the 8008 is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be 
in the same format. 



Dy ^6 ^5 ^4 ^3 D2 D^ Dq 



DATA WORD 



The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 



One Byte Ins 


traction 


s 






1 07 De O5 


D4 D3 


D, 


Dl 


00 1 


Two Byte In 


truction 








ID7D6D5 


D4 D3 


°2 


Dl 


00 1 




1 D7 De D5 


D4 O3 


D2 


D, 


o„| 


Three Byte 


nstruct. 


ons 






\°7 °6 D5 


D4 D3 


D, 


Ol 


o„| 




1 D7 Dg D5 


D4 D3 


D2 


D, 


00 




1 X X D5 


D4 D3 


D2 


Dl 


o„ 



OPCODE 
OPERAND 

OP CODE 
LOW ADDRESS 
HIGH ADDRESS' 



TYPICAL INSTRUCTIONS 

Register to register, memory reference 
I/O arithmetic or logical, rotate or 
return instructions 



late mode instructions 



JUMP or CALL ii 



ird byte of this instruction, Dg and Dy are "don't care" bit! 



For the MCS-S a logic "1" is defined as a high level and a logic "0" is defined as a low level. 

Index Register instructions 

The load instructions do not affect the flag flip-flops. The increment and decrement instructions affect all flip- 
flops except the carry. 



MNEMONIC 


MINIMUM 

STATES 

REQUIRED 


INSTRUCTION CODE 
DyDg D5D4D3 D2D1D0 


DESCRIPTION OF OPERATION 


(DmOV rj, r2 


(5) 


11 D D D S S S 


Load index register r-i with the content of index register r2. 


'2> MOV r, M 


(8) 


11 D D D 111 


Load index register r with the content of memory register M. 


MOV M, r 


(7) 


11 111 S S S 


Load memory register M with the content of index register r. 


(3) MVI r 


(8) 


D D D 110 
BB BBB BBB 


Load index register r with data B . . . B. 


MVI M 


(9) 


111 110 
BB BBB BBB 


Load memory register M with data B . . . B. 


INR r 


(5) 


00 DDD 000 


Increment the content of index register r (r / A). 


OCR r 


(5) 


00 DDD 00 1 


Decrement the content of index register r (r ^ A). 



Accumulator Group Instructions 

The result of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop. 



ADDr 


(5) 


10 S S S 


Add the content of index register r, memory register M, or data 
B . . . B to the accumulator. An overflow (carry) sets the carry 
flip-flop. 


ADD M 


(8) 


10 111 


ADI 


(8) 


10 
BB BBB BBB 


ADCr 


(5) 


10 1 S S S 


Add the content of index register r, memory register M, or data 
B . . . B from the accumulator with carry. An overflow (carry) 
sets the carry flip-flop. 


ADC M 


(8) 


10 1 111 


ACI 


(8) 


1 10 
BB BBB BBB 


SUBr 


(5) 


10 10 S S S 


Subtract the content of index register r, nnemory register M, or 
data B . . . B from the accumulator. An underflow (borrow) 
sets the carry flip-flop. 


SUB M 


(8) 


10 10 111 


SUI 


(8) 


10 10 
BB BBB BBB 


SBBr 


(5) 


10 Oil S S S 


Subtract the content of index register r, memory register M, or data 
data B . . . B from the accumulator with borrow. An underflow 
(borrow) sets the carry flip-flop. 


SBBM 


(8) 


10 1-1 111 


SBI 


(8) 


Oil 100 
BB BBB BBB 
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BASIC INSTRUCTION SET 



MNEMONIC 


MINIMUM 

STATES 

REQUIRED 


INSTRUCTION CODE 
D7 Dg D5 D4 D3 D2 D, 


^ 


DESCRIPTION OF OPERATION 


ANAr 


(5) 


1 


1 





s s 


s 


Compute the logical AND of the content of index register r, 
nnemorv register M, or data B . . . B with the accumulator. 


ANAM 


(8) 


1 


1 





1 1 


1 


ANI 


(8) 



8 B 


1 
8 B 



B 


1 
8 B 



8 


XRAr 


(5) 


1 


1 


1 


S S 


s 


Compute the EXCLUSIVE OR of the content of index register 
r, memory register M, or data B . . . B with the accumulator. 


XRAM 


(8) 


1 


1 


1 


1 1 


1 


XRI 


(8) 



8 8 


1 
B 8 


1 
B 


1 
8 8 



B 


ORAr 


(5) 


1 


1 1 





S S 


S 


Compute the INCLUSIVE OR of the content of index register 
r, memory register m, or data 8 ... 8 with the accumulator , 


ORAM 


<8) 


1 


1 1 





1 1 


1 


ORI 


(8) 



B 8 


1 1 
B 8 



B 


1 
8 8 



8 


CMPr 


(5) 


1 


1 1 


1 


S S 


S 


Compare the content of index register r, nnemory register M, 
or data B . . . 8 with the accumulator. The content of the 
accumulator is unchanged. 


CMPM 


(8) 


10 111 111 


CPI 


(8) 



B 8 


1 1 
B 8 


1 
B 


1 
8 B 



8 


RLC 


(5) 











1 





Rotate the content of the accumulator left. 


RRC 


(5) 








1 


1 





Rotate the content of the accumulator right. 


RAL 


(5) 





1 





1 





Rotate the content of the accumulator left through the carry. 


RAR 


(5) 





1 


1 


1 





Rotate the content of the accumulator right through the carry. 



Program Counter and Stack Control Instructions 






(4) JMP 


(11) 


1 
B2B2 
X X 


XXX 
82 B2 B2 
B383B3 


1 
82 B2 B2 
B3B383 


Unconditionally jump to memory address B3 . . . B3B2 . . . B2. 


(5)jNC, JNZ, 
JR. JPO 


(9 or 11) 


1 

B2B2 

X X 


C4C3 
82 B2 B2 
B3B3B3 




82 B2 B2 

83 83 83 


Jump to memory address B3 . . . B3B2 . . . B2 if the condition 
flip-flop is false. Otherwise, execute the next in-tiuction in sequence. 


JC, JZ 
JM, JPE 


(9 or 11) 


1 

B2B2 

X X 


1 C4C3 
82B2B2 
83 83 83 


CO CD 

CN n 

00 CO 


Jump to memory address B3 . . . B382 . . . B2 ir the condition 
flip-flop is true. Otherwise, execute the next instruction in sequence. 


CALL 


(11) 


1 

B2B2 

X X 


XXX 
82 B2 B2 
B3 B3 83 


1 1 
82 B2 B2 
B3 B3 B3 


Unconditionally call the subroutine at memory address 83 . , , 
B3B2 . . . B2. Save the current address (up one level in the stack). 


CNC, CNZ, 
CP, CPO 


(9 or 11) 


1 
82 B2 
X X 


C4C3 

82 B2 B2 

83 83 83 


1 

82 B2 B2 

83 83 83 


C&ll the subroutine at memory address B3 . . . 8382 . . . B2 if the 

condition flip-flop is false, and save the current address (up one 

level in the stack.) Otherwise, execute the next instruction in sequence. 


cc, CZ, 

CM, CPE 


(9 or 11) 


1 
B2B2 
X X 


1 C4C3 

82 B2 B2 

83 83 83 


1 
82 B2 B2 
B3 B3 83 


Call the subroutine at memory address B3 . . . B3B2 . . . B2 if the 

condition flip-flop is true, and save the current address (up one 

level in the stack). Otherwise, execute the next instruction in sequence. 


RET 


(5) 





XXX 


1 1 1 


Unconditionally return (down one level in the stack). 


RNC, RNZ, 
RP, RPO 


(3 or 5) 





C4C3 


1 1 


Return (down one level in the stack) if the condition flip-flop is 
false. Otherwise, execute the next instruction in sequence. 


RC, RZ 
RM, RPE 


(3 or 5) 





1 C4C3 


1 1 


Return (down one level in the stack) if the condition flip-flop is 
true. Otherwise, execute the next instruction in sequence. 


RST 


(5) 





AAA 


1 1 


Call the subroutine at memory address AAAOOO (up one level in the stack). 



Input/Output Instructions 










IN 


(8) 


1 


M 


M M 1 


Read the content of the selected input port (MMM) into the 
accumulator. 


OUT 


(6) 


1 


R R M 


M M 1 


Write the content of the accumulator into the selected output 
port (RRMMM, RR / 00). 



Machine Instruction 










HLT 


(4) 

(4) 




1 1 




1 1 1 


X 

1 1 1 


Enter the STOPPED state ancl remain there until interrupted. 



(1) SSS = Source Index Register 
DDD = Destination Index Register 

(2) Memory registers are addressed by 

(3) Additional bytes of instruction are 

(4) X = "Don't Care". 

(5) Flag flip-flops are defined by C4C3. 
parity ( 1 1 -parity is even) . 



} These registers, r\, are designated A(accumulator-OOO), 
8(001), C(010). D(011), EdOO), H(101), L(110). 
the contents of registers H & L. 
designated by BBBBBBBB. 

carry (00-overf low or underflow) , zero (01 -result is zero) , sign { 1 0-MSB o< result is "1 ") , 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature 

Under Bias 
Storage Temperature 
Input Voltages and Supply 

Voltage With Respect 

Power Dissipation 



0°C to+70°C 
-55°C to +150°C 



+0.5 to -20V 
1.0 W @ 25°C 



•COMMENT 

Stresses above those listed under "Absolute Max- 
imum Ratings" may cause permanent damage to 
the device. This is a stress rating only and func- 
tional operation of the device at these or any other 
condition above those indicated in the operational 
sections of this specification is not implied. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70°C. Vcc = +5V ±5%, Voo = -9V ±5% unless otherwise specified. Logic "1" is defined 
as the more positive level {^/^y^, Vqh )• Logic "0" is defined as the more negative level (V|l, Vql )• 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN. 


TYP. 


MAX. 


'do 


AVERAGE SUPPLY CURRENT- 
OUTPUTS LOADED* 




30 


60 


mA 


T^ =25°C 


'u 


INPUT LEAKAGE CURRENT 






10 


^A 


v.N =ov 


V.L 


INPUT LOW VOLTAGE 
(INCLUDING CLOCKS) 


Vdd 




Vcc-4.2 


V 




V,H 


INPUT HIGH VOLTAGE 
(INCLUDING CLOCKS) 


Vcc-1-5 




Vcc-^0.3 


V 




Vol 


OUTPUT LOW VOLTAGE 






0.4 


V 


1 = 0.44mA 
Cl = 200 pF 


VoH 


OUTPUT HIGH VOLTAGE 


Vcc-1-5 






V 


\q^ = 0.2mA 



•Measurements are made while 
the 8008 is executing a typical 
sequence of instructions. The 
test load is selected such that 
at Vq L = 0.4V , I o L" O-"*^ '"A 
on each output. 



A.C. CHARACTERISTICS 

Ta = 0°C to 70°C; Vcc = +5V ±5%, Vpo = 



-9V ±5%. All measurements are referenced to 1.5V levels. 



SYMBOL 


PARAMETER 


8008 


8008-1 


UNIT 


TEST CONDITIONS 


LIMITS 


LIMITS 


MIN. 


MAX. 


MIN. 


MAX. 


tcY 


CLOCK PERIOD 


2 


3 


1.25 


3 


jUS 


tR,tp = 50ns 


tR.tp 


CLOCK RISE AND FALL TIMES 




50 




50 


ns 




t0i 


PULSE WIDTH OF 01 


.70 




.35 




jLtS 




t02 


PULSE WIDTH OF 02 


.55 




.35 




/is 




tDI 


CLOCK DELAY FROM FALLING 
EDGE OF 0, TO FALLING EDGE 
OF 02 


.90 


1.1 




1.1 


^s 




tD2 


CLOCK DELAY FROM 02 TO 0^ 


.40 




.35 




^s 




^03 


CLOCK DELAY FROM 0^ TO 02 


.20 




.20 




IJiS 




^DD 


DATA OUT DELAY 




1.0 




1.0 


/is 


Cl= lOOpF 


^OH 


HOLD TIME FOR DATA BUS OUT 


.10 




.10 




/iS 




t,H 


HOLD TIME FOR DATA IN 


[1] 




[1] 




/is 




tsD 


SYNC OUT DELAY 




.70 




.70 


/iS 


Cl=100pF 


tsi 


STATE OUT DELAY (ALL STATES 
EXCEPT T1 AND T1 1)^2] 




1.1 




1.1 


/iS 


Cl= lOOpF 


ts2 


STATE OUT DELAY (STATES 
T1 AND Til) 




1.0 




1.0 


/iS 


Cl= lOOpF 


^RW 


PULSE WIDTH OF READY DURING 
022 TO ENTER T3 STATE 


.35 




.35 




/iS 




^RD 


READY DELAY TO ENTER WAIT 
STATE 


.20 




.20 




/iS 





121 



If the INTERRUPT is not used, all states have the same output delay, tg^ 
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TIMING DIAGRAM 



c^ 



DATA BUS 
LINES 



STATE 
LINES 



;^<^l f^ 



^ — toi— ^-*-tsD-^ 



j^^ r^ / ^ „ f^ 



ADDRESS OUT 



r 



-tSD-*| 



31 



4V- 



/^^^^l /^^^>, 






]cz7:nr~rrr. 



„ tpD — H 



/■ 



/^r\^ 



r 



>^ 



Notes: 1 . READY line must be at "0" prior to 022 o^ "^2 to guarantee entry into the WAIT state. 
2. INTERRUPT line must not change levels within 200ns (max.) of falling edge of 0i. 

TYPICAL D.C. CHARACTERISTICS 



POWER SUPPLY CURRENT 
VS. TEMPERATURE 



















































■^ 




^ 




•'31. 




— ■ 


— 


— 







































10 20 30 40 50 60 70 

AMBIENT TEMPERATURE CC 



6 

~ 2.2 



OUTPUT SINKING CURRENT 
VS. TEMPERATURE 



















































X 


















^ 


--> 


'^" 


L 


uv 












Vo.-< 


IT" 




^ 


— 



















10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE CC) 



OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 









■ 




Voo 




--9V 
•5V 
-70»C 














Ta 






















s 


\. 


















N 


















\ 


s 
















\ 


s. 
















s 


\ 



4.0 S.0 



OUTPUT VOLTAGE (V), Vqm 



TYPICAL A.C. CHARACTERISTICS 



DATA OUT DELAY VS. 
OUTPUT LOAD CAPACITANCE 










^ 








j/ 


y 








/ 


/ 








/ 


/ 



































50 100 1S0 200 250 300 

DATA BUS CAPACITANCE (pF|. C^g 



CAPACITANCE f = 1MHz; T. = 25° C; Unmeasured Pins Grounded 



SYMBOL 


TEST 


LIMIT (pF) 


TYP. 


MAX. 


C.N 


INPUT CAPACITANCE 


5 


10 


Cob 


DATA BUS I/O CAPACITANCE 


5 


10 


CouT 


OUTPUT CAPACITANCE 


5 


10 
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8702A 

2048 BIT ERASABLE AND ELECTRICALLY 
REPROGRAMMABLE READ ONLY MEMORY 



Access Time — 1.3 /xsec 
Max. 

Fast Programming — 2 Minutes for 
All 2048 Bits 

Fully Decoded, 256 x 8 Organization 

Static MOS — No Clocks Required 



■ Inputs and Outputs TTL Compatible 

■ Three-State Output — OR-Tie 
Capability 

■ Simple Memory Expansion Chip 
Select Input Lead 



The 8702A is a 256 word by 8 bit electrically programmable ROM ideally suited for microcomputer system 
development where fast turn-around and pattern experimentation are important. The 8702A undergoes 
complete programming and functional testing on each bit position prior to shipment, thus insuring 100% 
programmability. 

The8702A is packaged in a 24 pin dual-in line package with a transparent quartz lid. The transparent quartz 
lid allows the user to expose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be 
written into the device. This procedure can be repeated as many times as required. 

The circuitry of the 8702A is entirely static; no clocks are required. 

A pin-for-pin metal mask programmed ROM, the Intel 8302, is ideal for large volume production runs of 
systems initially using the 8702A. 

The 8702A is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic 
chip than conventional MOS technologies. 

PIN CONFIGURATION 



A.C 


1 


24 


^Vdd 


^^C 


2 


23 


D^cc 


AoC 


3 


22 


:]vcc 


DATA OUT 1 []]^ 


4 (LSB) 


21 


DA3 


DATA OUT 2 Q 


5 


20 


DA4 


DATA OUT 3 [^ 
DATA OUT 4 [^ 


6 

8702A 
7 


19 
18 


IjAe 


DATA OUT 5 Q 


8 


17 


3^^ 


DATA OUT 6 [^ 


9 


16 


DVgg 


DATA OUT 7 [^ 


10 


15 


DVbb 


DATA OUT 8 [^ 


11 (MSB) 


14 


Hcs 


VccC 


12 


13 


^ PROGRAM 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 

t 1 


cs— ^ 


OUTPUT 
BUFFERS 








PROGRAM — ► 


2048 BIT 

PROM MATRIX 

(256 X 8) 










DECODER 










INPUT 
DRIVERS 




It" 

Ao Ai 


A7 



•THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING. 

PIN NAMES 



A0-A7 


ADDRESS INPUTS 


CS 


CHIP SELECT INPUT 


D01-D02 


DATA OUTPUTS 
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PIN CONNECTIONS 



The external lead connections to the 8702A differ, depending on whether the device is being programmed <■>) or used in read 
nnode. (See following table.) 



^^^'^"^^^---------^^^^^ PI N 

MODE ^~~~~^~~----~-___^ 


12 
(Vcc) 


13 
(Program) 


14 
(CS) 


15 
(Vbb) 


16 
(Vgg) 


22 

(Vcc) 


23 

(Vcc) 


Read 


Vcc 


Vcc 


GND 


Vcc 


Vgg 


Vcc 


Vcc 


Programming 


GND 


Program Pulse 


GND 


Vbb 


Pulsed Vgg(V,l4p) 


GND 


GND 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to+70°C 

Storage Temperature -65 °C to +125°C 

Soldering Temperature of Leads (10 sec) +300°C 

Power Dissipation 2 Watts 

Read Operation: Input Voltages and Supply 

Voltages with respect to V^^ +0.5 V to -20V 

Program Operation: Input Voltages and Supply 

Voltages with respect to Vqq —48V 



"COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 



READ OPERATION 

D.C. AND OPERATING CHARACTERISTICS 

in) 

T^ = 0°C to 70°C, Vcc = +5V±5%, Vdd= -9V±5%, Vgg= -9V±5%, unless otherwise noted 



SYMBOL 


TEST 


MIN. 


TYP.<3) MAX. 


UNIT 


CONDITIONS 


'l. 


Address and Chip Select 
Input Load Current 


10 


MA 


V|N -o.ov 


'lo 


Output Leakage Current 


10 


ma 


Vqut = 0.0V, CS = Vcc-2 


'ddo 


Power Supply Current 




5 


10 


mA 


Vgg=Vcc«CS=Vcc-2 
loL= 0.0mA, T;^=25°C 


'ddi 


Power Supply Current 




35 


50 


mA 


CS-Vcc -2 

Iql =O.OmA,TA = 25°C 




'dD2 


Power Supply Current 




32 


46 


mA 


CS=0.0 
loL=O.OmA.TA =25°C 


Continuous 
Operation 


'dD3 


Power Supply Current 




38.5 


60 


mA 


CS=Vcp -2 

Iql =O.OmA . T^ = 0°C 


'CF1 


Output Clamp Current 




8 


14 


mA 


Vqut = -10V, Ta=0°C 




'CF2 


Output Clamp Current 


13 


mA 


VouT = -1-0V.T^=25°C J 




'gg 


Gate Supply Current 


10 


ma 




ViLl 


Input Low Voltage for 
TTL Interface 


-1.0 




0.65 


V 




V,L2 


Input Low Voltage for 
MOS Interface 


Vdd 




Vcc -6 


V 




V.H 


Address and Chip Select 
Input High Voltage 


Vcc -2 




Vcc +0.3 


V 




'OL 


Output Sink Current 


1.6 


4 




mA 


Vqut = 0-45V 


Vql 


Output Low Voltage 




-.7 


0.45 


V 


Iql = 1.6mA 


Vqh 


Output High Voltage 


3.5 


V 


loH = -200/iA 



Note 1 : In the programming mode, the data inputs 1 —8 are pins 4-1 1 respectively. CS = GND. 

Note 2: Vqq may be clocked to reduce power dissipation. In this mode average IpD increases in proportion to Vqq duty cycle. (See p. 5) 

Note 3: Typical values are at nominal voltages and T/j^ = 25° C. 
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A.C. CHARACTERISTICS 

T^ = 0° C to +70°C, Vcc = +5V ±5%, V^^ = -9V ±5%, V^ 



GG 



= — 9V ±5% unless otherwise noted 



SYMBOL 


TEST 


MINIMUM 


TYPICAL 


MAXIMUM 


UNIT 


Freq. 


Repetition Rate 






1 


MHz 


^GH 


Previous read data valid 






100 


ns 


^ACC 


Address to output delay 






1.3 


JUS 


^dvgg 


Clocked Vqq set up 


1.0 






jUS 


tcs 


Chip select delay 






400 


ns 


tcb 


Output delay from CS 






900 


ns 


^OD 


Output deselect 






400 


ns 


*OHC 


Data out hold in clocked \/qq mode (Note 1) 






5 


MS 



Note 1. The output will remain valid for tQHC ^^ '°"9 ^^ clocked Vqq 's a* ^CC ^" address change nnay occur as soon as the output is sensed 
(clocked \/qq may still be at Vqc)* Data becomes invalid for the old address when clocked Vqq is returned to Vqq. 



CAPACITANCE* 



= 25°C 



SYMBOL 


TEST 


MINIMUM 


TYPICAL 


MAXIMUM 


UNIT 


CONDITIONS 


^IN 


Input Capacitance 




"8 


15 


pF 


M_N= Vcc " 

Vqut =Vcc 
Vgg = Vcc 


All 


^OUT 


Output Capacitance 




10 


15 


pF 


unused pins 
arp at A C 


Cvoc 


Vqq Capacitance 
(Clocked Vqg Mode) 






30 


pF 


ground 



"This paranneter is periodically sampled and Is not 100% tested, 

SWITCHING CHARACTERISTICS 

Conditions of Test: 

Input pulse amplitudes: to 4V; tp , tp <50 ns 
Output load is 1 TIL gate; measurements made 
at output of TTL gate (tpp<15 ns) 



CYCLE TIME I/FREO 



/ ^ 90% 



X 



\ 



, DATA OUT ^ 
NVALID 

t d 



DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 




B) Clocked V„„ Operation 




, DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 



ADDRESS 



i 



7 



:locked \| j / 

"- V / 



-'ACC -\ 



/ 



NOTE!: The output will remain valid for tQHC ^* '°"9 as clocked Vqq 
is at Vqc. An address change may occur as soon as the output is sensed 
(clocked Vqq may still be at Vcc'- °^'^ becomes invalid for the old 
address when clocked ^qq is returned to Vqq. 

NOTE 2: If CS makes a transition from V| l to V|n while clocked Vqq 
is at Vqq, then deselection of output occurs at tQD ^s shown in static 
operation with constant Vqq. 



Intel 



8708 



8192/4096 BIT ERASABLE AND ELECTRICALLY 
REPROGRAMMABLE READ ONLY MEMORY 

• 8708 1024x8 Organization 



Fast Programming — 
Typ. 100 sec. For All 8K Bits 

Low Power During Programming 
Access Time — 450 ns 
Standard Power Supplies — 
+ 12V, ±5V 



■ Static — No Clocks Required 

■ Inputs and Outputs TTL 
Compatible During Both Read 
and Program Modes 

■ Three-State Output— OR-Tie 
Capability 



The Intel® 8708 is a high speed 8192 bit erasable and electrically reprogrammable ROM's (EPROM) ideally suited where 
fast turn around and pattern experimentation are important requirements. 

The 8708 is packaged in a 24 pin dual-in-line package with transparent lid. The transparent lid allows the user to expose the 
chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the devices. 

A pin for pin mask programmed ROM, the Intel 8308, is available for large volume production runs of systems initially 
using the 8708. 

The 8708 is fabricated with the time proven N-channel silicon gate technology. 



PIN CONFIGURATIONS 



A7C 


1 




24 


DVcc 


AsC 
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15 
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8708 



Absolute Maximum Ratings '' 

Temperature Under Bias -25°C to +85°C 

Storage Temperature -65°C to +125°C 

All Input or Output Voltages with Respect to Vbb 

(except Program) +15V to -0.3V 

Program Input to Vbb ■ +35V to -0.3V 

Supply Voltages Vqc and Vss with Respect to Vbb +15V to -0.3V 

Vdd with Respect to Vbb +20V to -0.3V 

Power Dissipation 1.5W 



♦COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation 
of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



READ OPERATION 

D.C. and Operating Characteristics 



Ta = 0°C to 70°C, Vcc = +5V ±5%, Vqd = +12V ±5%, Vbb = -5V ±5%, Vss = 


= OV, Unless Otherwise Noted. 


Symbol 


Parameter 


Min. 


Typ.tU 


Max. 


Unit 


Conditions 


Ili 


Address and Chip Select Input Load Current 


10 


fiA 


V|N = 5.25V 


Ilo 


Output Leakage Current 


10 


ma 


VouT = 5.25V, CS7WE = 5V 


'dd 


Vqd Supply Current 




50 


65 


mA 


Worst Case Supply Currents: 


'cc 


Vcc Supply Current 




6 


10 


mA 


All Inputs High 


iBB 


Vbb Supply Current 




30 


45 


mA 


CS/WE = 5V; Ta = 0°C 


V,L 


Input Low Voltage 


Vss 




0.65 


V 




V|H 


Input High Voltage 


3.0 




Vcc+1 


V 




Vol 


Output Low Voltage 


0.45 


V 


l0L= 1.6mA 


V0H1 


Output High Voltage 


3.7 


V 


Ioh = -100aiA 


VoH2 


Output High Voltage 


2.4 


V 


l0H=-''rnA 


Pd 


Power Dissipation 


800 


mW 


Ta = 70°C 



NOTES: 1. 
2. 



Typical values are for Ta = 25°C and nominal supply voltages. 

The program input (Pin 18) may be tied to Vss or Vcc during the read mode. 
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8708 



A.C. Characteristics 

Ta = 0°C to 70°C, Vcc = +5V ±5%, Vdd = +12V ±5%, Vge = -5V ±5%, Vgs = 


OV, Unless Otherwise Noted. 


Symbol 




Min. 


Typ. 


Max. 


Unit 


Ucc 


Address to Output Delay 




280 


450 


ns 


tco 


Chip Select to Output Delay 






120 


ns 


tDF 


Chip De-Select to Output Float 







120 


ns 


tOH 


Address to Output Hold 









ns 



Capacitanceti ^ Ta = 25**C, f = iMHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


4 


6 


pF 


V,N=OV 


COUT 


Output Capacitance 


8 


12 


pF 


VouT=OV 



Note 1. This parameter is periodically sampled and not 100% tested. 



A.C. Test Conditions: 



Output Load: 1 TTL gate and Cl = lOOpF 

Input Rise and Fall Times: <20ns 

Timing Measurement Reference Levels: 0.8V and 2.8V for inputs; 0.8V and 2.4V for outputs 

Input Pulse Levels: 0.65V to 3.0V 



Waveforms 



X 



\ 



h ^co ^1 

*ACC H 



DATA 
OUT 



DATA OUT INVALID 



X 



X 



i 



DATA OUT 
FLOATING 
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Intel 



8302 

2048 BIT MASK PROGRAMMABLE 
READ ONLY MEMORY 



Access Time — 1 /xsec Max. 

Fully Decoded, 256 x 8 Organization 

Inputs and Outputs TTL Compatible 

Three-State Output — OR-Tie 
Capability 



Static MOS — No Clocks Required 

Simple Memory Expansion — Chip 
Select Input Lead 

24-Pin Dual-ln-Line Hermetically 
Sealed Ceramic Package 



The Intel 8302 is a fully decoded 256 word by 8 bit metal mask ROM. It is ideal for large volume produc- 
tion runs of microcomputer systems initially using the 8702A erasable and electrically programmable ROM. 
The 8302 has the same pinning as the 8702A. 

The 8302 is entirely static — no clocks are required. Inputs and outputs of the 8302 are TTL compatible. 
The output is three-state for OR-tie capability. A separate chip select input allows easy memory expansion. 
The 8302 is packaged in a 24 pin dual-in-line hermetically sealed ceramic package. 

The 8302 is fabricated with p-channel silicon gate technology. This low threshold allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic 
chip than conventional MOS technologies. 



P 



PIN CONFIGURATION 


NAMES 


D 


BLOCK DIAGRAM 


8 
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3 22 
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5 20 

6 19 
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7 18 
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9 16 
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DECODER 
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t t— -t 
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ADDRESS INPUTS 






CS 


CHIP SELECT INPUT 






DOvDOs 


DATA OUTPUTS 
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8302 



Absolute Maximum Ratings'' 

Ambient Temperature Under Bias . . 0°C to +70°C 

Storage Temperature . -65 °C to +125°C 

Soldering Temperature of Leads (10 sec) +300°C 

Power Dissipation 2 Watts 

Input Voltages and Supply 

Voltages with respect to V^c +0.5 V to -20V 



*COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 



READ OPERATION 

D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vcc = +5V±5%, Vdd= -9V±5%, Vgg= -9V±5%, unless otherwise noted 



SYMBOL 


TEST 


MIN. TYP<2) MAX. 


UNIT 


CONDITIONS 


'l, 


Address and Chip Select 
Input Load Current 


1 


ma 


v,N = o.ov 


'lo 


Output Leakage Current 


1 


mA 


VouT = 0.0V,CS = Vcc-2 


'ddo 


Power Supply Current 


5 10 


mA 


Vgg=Vcc.CS=Vcc-2, 
l0L= 0.0mA, Ta=25°C 


'ddi 


Power Supply Current 


35 50 


mA 


CS=Vcc-2 
loL=O.OmA,TA =25°C 


^ Continuous 
Operation 


'dD2 


Power Supply Current 


32 46 


mA 


CS=0.0 
loL=O.OmA,TA =25°C 


'dD3 


Power Supply Current 


38.5 60 


mA 


CS=Vcc -2 

Iql =O.OmA , T^ = 0°C 


'CFI 


Output Clamp Current 


8 14 


mA 


VouT=-10V.T^=0oC 


'CF2 


Output Clamp Current 


13 


mA 


VouT = -1-0V.T^ = 25°C J 


•gg 


Gate Supply Current 


1 


ma 




V,L1 


Input Low Voltage for 
TTL Interface 


-1.0 0.65 


V 




V|L2 


Input Low Voltage for 
MOS Interface 


Vdd Vcc -6 


V 




V.H 


Address and Chip Select 
Input High Voltage 


Vcc -2 Vcc +0.3 


V 




'OL 


Output Sink Current 


1.6 4 


mA 


Vqut = 0-^5V 


'oh 


Output Source Current 


-2.0 


mA 


Vqut = OOV 


Vol 


Output Low Voltage 


-.7 0.45 


V 


Iqj_ = 1.6mA 


VOH 


Output High Voltage 


3.5 4.5 


V 


Io^ = -100mA 



i 



Note 1. Vqq may be clocked to reduce power 
Note 2. Typical values are at nominal voltages 



dissipation. In this mode average \qq increases m proportion to Vqq duty cycle. 
and Ta = 250C. 
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8302 



A.C. Characteristics 



T^ = 0° C to +70°C, V^c = +5V ±5%, Vf^o 


= -9V±5%,Vqq =-9V±5°/^ 


) unless otherwise noted 




SYMBOL 


TEST 


MINIMUM 


TYPICAL 


MAXIMUM 


UNIT 


Freq. 


Repetition Rate 






1 


MHz 


^OH 


Previous read data valid 






100 


ns 


^ACC 


Address to output delay 




.700 


1 


jLtS 


^DVGG 


Clocked Vqq setup 


1 






MS 


tcs 


Chip select delay 






200 


ns 


tco 


Output delay from CS 






500 


ns 


^OD 


Output deselect 






300 


ns 


^OHC 


Data out hold in clocked \/qq 


mode (Note 1) 






5 


MS 



Note 1. The output will remain valid for tQHC ^s long as clocked Vqg '* ^t Vcc. An address change may occur as soon as the output is sensed 
(clocked Vqg may still be at Vcc)« Data becomes invalid for the old address when clocked Vqq is returned to Vqq. 



Capacitance'' i, =25°c 



SYMBOL 


TEST 


MINIMUM 


TYPICAL 


MAXIMUM 


UNIT 


CONDITIONS 


^IIM 


Input Capacitance 




5 


10 


pF 


CS = Vcc 
Vqut =Vcc 
Vgg=Vcc 


All 

unused pins 
are at A.C. 
ground 


^OUT 


Output Capacitance 




5 


10 


pF 


^Vgg 


Vqq Capacitance 
(Clocked Vqg Mode) 






30 


pF 



•This parameter is periodically sampled and is not 100% tested. 

Switching Characteristics 

Conditions of Test: 

Input pulse amplitudes: to 4V; tp , tp <50 ns 
Output load is 1 TTL gate; measurements made 
at output of TTL gate (tpf^<15 ns) 

A) Constant V^- Operation 



-CYCLE TIME- 1/FREQ - 



3DRESS Xl 



X 



i\ 



^^JZ 



DDRESS 1 
V -* ^;V 



H DATA OUT 

INVALID 

DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 



X 



v.H — ec^ 



V r^^ 



B) Clocked V„„ Operation 



- CYCLE TIME ^ 1 FREQ- 



'" "X/ 10% 

lESS Y 



X 



*1 h'-^^ 



CLOCKED 



- % / — V 

^ >) .1. / I (SEE NOTE 11 V. 



- 'aCC H *-l ^"^ 'OHC 

I I 



DATA OUT \| |/ DA 

INVALID \ / IN 



ATA OUT 
VALID 



I DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 



RESS Yl 

v.. >— 



/ 



\..\ c 

I 

^OH I \ 

l\ OUT I \ 



f 



NOTE 1 ; The output will remain valid for tQHC ** '""9 a* clocked Vqq 
is at Vcc- ^'^ address change nnav occur as soon as the output is sensed 
(clocked \/qq may still be at V^c*- Data becomes invalid for the old 
address when clocked Vqq is returned to Vqq. 

NOTE 2: H CS makes a transition from V| l to V|h while clocked Vqq 
is at Vqq, then deselection of output occurs at tQD as shown in static 
operation with constant Vqg. 
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intel 



8308 

8192 BIT STATIC MOS READ ONLY MEMORY 
Organization-- 1024 Words x 8 Bits 



Fast Access — 450 ns 

Directly Compatible with 8080 CPU 
at Maximum Processor Speed 

Two Chip Select Inputs for Easy 
Memory Expansion 

Directly TTL Compatible — All Inputs 
and Outputs 



Three State Output - OR-Tie 
Capability 

Fully Decoded 

Standard Power Supplies 
+12VDC, ±5VDC 



The Intel 8308 Is an 8,192 bit static MOS mask programmable Read Only Memory organized as 1024 words by 8-bits. This 
ROM is designed for 8080 microcomputer system applications where high performance, large bit storage, and simple inter- 
facing are important design objectives. The inputs and outputs are fully TTL compatible. 

A pin for pin compatible electrically programmed erasable ROM, the Intel® 8708, is available for system development and 
small quantity production use. 

Two Chip Selects are provided — CSi which is negative true, and CS2/CS2 which may be programmed either negative or 
positive true at the mask level. 

The 8308 read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with 
high performance, easy-to-use MOS circuits. 



PIN CONFIGURATION 
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PIN NAMES 



A0-A9 


ADDRESS INPUTS 


OvOs 


DATA OUTPUTS 


CSi. CS2 


CHIP SELECT INPUTS 
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8308 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias -25°C to +85°C 

Storage Temperature --65°C to +150°C 

Voltage On Any Pin With Respect 

To Vbb • -0-3V to 20V 

Power Dissipation 1.0 Watt 



*COMIVIENT 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condi- 
tions above those indicated In the operational sections of this speci- 
fication is not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 



D.C. and Operating Characteristics 



1 



Ta = 0°C to +70°C, Vcc = 5V ±5%; Vpo = 12V ±5%, VgB 


= -5V ±5%, Vss = OV U 


niess Otherwise Specified. 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ.M] 


Max. 


Ili 


Input Load Current 

(All Input Pins Except CS^ ) 






10 


ma 


V||M = to 5.25V 


Ilcl 


Input Load Current on CSf 






1.6 


mA 


V|N = 0.45V 


Ilpc 


Input Peak Load Current on CS^ 






4 


mA 


V,N = 0.8V to 3.3V 


'lkc 


Input Leakage Current on CSi 






10 


HA 


V,N = 3.3V to 5.25V 


Ilo 


Output Leakage Current 






10 


MA 


Chip Deselected 


V|L 


Input "Low" Voltage 


Vss-1 




0.8V 


V 




V|H 


Input "High" Voltage 


3.3 




Vcc+1.0 


V 




Vol 


Output "Low" Voltage 






0.45 


V 


loL = 2mA 


VOHI 


Output "High" Voltage 


2.4 






V 


Iqh = -4mA 


VoH2 


Output "High" Voltage 


3.7 






V 


l0H=-1nnA 


Ice 


Power Supply Current Vqc 




.8 


2 


mA 




bo 


Power Supply Current Vqd 




32 


60 


mA 




Ibb 


Power Supply Current Vge 




10m A 


1 


mA 




Pd 


Power Dissipation 






775 


mW 





NOTE 1 : Typical values for T/^ = 25° C and nominal supply voltage 



D.C. OUTPUT CHARACTERISTICS 
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8308 

A.C. Characteristics 

Ta= 0°C to +70°C, Vcc = +5V ±5%; Vqd = +12V ±5%, Vge = -5V ±5%, Vss = OV, Unless Otherwise Specified. 



Symbol 


Parameter 


Limits[2l 


Unit 


Min. 


Typ. 


Max. 


tACC 


Address to Output Delay Time 




200 


450 


ns 


tcoi 


Chip Select 1 to Output Delay Time 




85 


160 


ns 


tC02 


Chip Select 2 to Output Delay Time 




125 


220 


ns 


tDF 


Chip Deselect to Output Data Float Time 




125 


220 


ns 



NOTE 2: Refer to conditions of Test for A.C. Characteristics. Add 50 nanoseconds (worst case) to specified values at 
VoH = 3.7V @ Iqh = -1mA, Cl = lOOpF. 



CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Output Load 1 TTL Gate, and Clqad = 100pF 

Input Pulse Levels 65V to 3.3V 

Input Pulse Rise and Fall Times 20 nsec 

Timing Measurement Reference Level 
2.4V V,H, Voh; 0.8V V,L, Vol 



CAPACITANCE Ta = 25°C, f = 1 MHz, Vbb = -5V, Vdd, 
Vcc arid all other pins tied to Vss- 



Symbol 


Test 


Limits 


Typ. 


Max. 


Qn 


Input Capacitance 




6pF 


Cqut 


Output Capacitance 




12pF 



ADDRESS 
A0-A9 



X 



\ 



-tcoi- 



X 



- *C02 - 



DATAO1-O7 



DATA INVALID 



X 



f 

X 



DATA 
VALID 



i 



DATA 
INVALID 



Bm, 



iny 



8316A 

16,384 BIT STATIC MOS READ ONLY MEMORY 

Organization-2048 Words x 8 Bits 

Access Time-850 ns max 



Single + 5 Volts Power Supply Voltage 

Directly TTL Compatible — All Inputs 
and Outputs 

Low Power Dissipation of 31.4 /xW/Bit 
Maximum 

Three Programmable Chip Select 
Inputs for Easy Memory Expansion 



Three-State Output — OR-Tie 
Capability 

Fully Decoded — On Chip Address 
Decode 

Inputs Protected — All Inputs Have 
Protection Against Static Charge 



The Intel 8316A is a 16,384-bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is 
designed for microcomputer memory applications where high performance, large bit storage, and simple inter- 
facing are important design objectives. 

The inputs and outputs are fully TTL compatible. This device operates with a single -^5V power supply. The 
three chip select inputs are programmable. Any combination of active high or low level chip select inputs can be 
defined and the desired chip select code is fixed during the masking process. These three programmable chip 
select inputs, as well as OR-tie compatibility on the outputs, facilitate easy memory expansion. 

The 831 6A read only memory is fabricated with N-channel silicon gate technology. This technology provides the 
designer with high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all 
devices are directly TTL compatible. 



I 



PIN CONFIGURATION 




PIN NAMES 



Aq- Aio 


ADDRESS INPUTS 


Or 08 


DATA OUTPUTS 


CS1CS3 


PROGRAMMABLE CHIP SELECT INPUTS 
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8S2 



831 6 A 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias O^C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin With Respect 

To Ground -0.5V to +7V 

Power Dissipation 1.0 Watt 



♦COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70°C, Vcc = 5V ±5% unless otherwise specified 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP.<1> 


MAX. 


Ili 


Input Load Current 
(All Input Pins) 






10 


ma 


V,N = to 5.25V 


'loh 


Output Leakage Current 






10 


ma 


CS = 2.2V, VouT = 4.0V 


'lol 


Output Leakage Current 






-20 


ma 


CS = 2.2V, VouT = 0-45V 


Ice 


Power Supply Current 




40 


98 


mA 


All inputs 5.25V Data Out Open 


V|L 


Input "Low" Voltage 


-0.5 




0.8 


V 




V,H 


Input "High" Voltage 


2.0 




Vcc+lOV 


V 




Vol 


Output "Low" Voltage 






0.45 


V 


Iql = 2.0 mA 


VOH 


Output "High" Voltage 


2.2 






V 


IOH = -100/iA 


(1) Typical values for T^ = 25''C and nominal supply voltage. 



A.C. CHARACTERISTICS 

Ta = 0°C to +70°C, Vcc = +5V ±5% unless otherwise specified 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


MIN. 


TYP.<1> 


MAX. 


tA 


Address to Output Delay Time 




400 


850 


nS 


too 


Chip Select to Output Enable Delay Time 






300 


nS 


tDF 


Chip Deselect to Output Data Float Delay Time 







300 


nS 





CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Output Load ... 1 TTL Gate, and Clqad = 100 9^ 

Input Pulse Levels 0.8 to 2.0V 

Input Pulse Rise and Fall Times .(10% to 90%) 20 nS 
Timing Measurement Reference Level 

Input 1.5V 

Output 0.45V to 2.2V 



CAPACiTANCE<2) Ta = 25*»C, f = 1 MHz 



SYMBOL 


TEST 


LIMITS 


TYP. 


MAX. 


C|N 


All Pins Except Pin Under 
Test Tied to AC Ground 


4pF 


10 pF 


COUT 


All Pins Except Pin Under 
Test Tied to AC Ground 


8 pF 


15pF 



(2) This parameter is periodically sampled and is not 100% tested. 



8-53 



iny 



8101-2 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH SEPARATE I/O 



256 X 4 Organization to Meet Needs 
for Small System Memories 

Access Time — 850 nsec Max. 

Single +5V Supply Voltage 

Directly TTL Compatible — All Inputs 
and Output 

Static MOS — No Clocks or 
Refreshing Required 

Simple Memory Expansion — Chip 
Enable Input 



Inputs Protected — All Inputs Have 
Protection Against Static Charge 

Low Cost Packaging — 22 Pin Plastic 
Dual-ln-Line Configuration 

Low Power — Typically 150 mW 

Three-State Output — OR-Tie 
Capability 

Output Disable Provided for Ease of 
Use in Common Data Bus Systems 



The Intel 8101-2 is a 256 word by 4 bit static random access memory element using normally off N-channel 
MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires 
no clocks or refreshing to operate. The data is read out nondestructlvely and has the same polarity as the 
input data. 

The 8101-2 is designed for memory applications where high performance, low cost, large bit storage, and sim- 
ple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables 

allow easy selection of an individual package when outputs areOR-tied. An output disable is provided so that 

data inputs and outputs can be tied for common I/O systems. Output disable is then used to eliminate any 

bidirectional logic. 

® 
The Intel 8101-2 is fabricated with N-channel silicon gate technology. This technology allows the design and 

production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon- 
olithic chip than either conventional MOS technology or P-channel silicon gate technology. 

Interssilicon gate technology also provides excellent protection against contamination. This permits the use 
of low cost silicone packaging. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 




Ao 




Dl^ 


Ai 




DO, 


A2 




DI2 


A3 




DO2 


A4 




DI3 


A= DO, 1 

a:«^o^-2d.:| 


A7 




DO4 
OD 


R/W 


CE2 


CE1 



PIN NAMES 



l—TT 



D.N 


DATA INPUT 


OD 


OUTPUT DISABLE 


Ao-A, 


ADDRESS INPUTS 


I^UT 


DATA OUTPUT 


R/W 


READ/WRITE INPUT 


Vcc 


POWER <+5V) 


C^,CE2 


CHIP ENABLE 


1 




0= PIN NUMBERS 
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Absolute Maximum Ratings'^ 

Ambient Temperature Under Bias 0°C to 70° C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


TypPl 


Max. 


Unit 


Test Conditions 


Ili 


Input Current 






10 


iuA 


V|N =0 to 5.25V 


'loh 


I/O Leakage Current(2l 






15 


HA 


CE = 2.2V, VouT = 4.0V 


•lol 


I/O Leakage Currentl2l 






-50 


liA 


CE = 2.2V, VouT = 0.45V 


•cci 


Power Supply Current 




30 


60 


mA 


V,N = 5.25V, lo = 0mA 
Ta = 25°C 


'CC2 


Power Supply Current 






70 


mA 


V,N = 5.25V, lo = 0mA 
Ta=0°C 


V,L 


Input "Low" Voltage 


-0.5 




+0.65 


V 




V|H 


Input "High" Voltage 


2.2 




Vcc 


V 




Vol . 


Output "Low" Voltage 






+0.45 


V 


Iql = 2.0mA 


VOH 


Output "High" Voltage 


2.2 






V 


loH=-150iuA 



NOTE: 1. Typical values are for Ta = 25° C and nominal supply voltage. 
2. Input and Output tied together. 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



I \v 




AMBI 
: 0"C _. 


ENTTE 


MPER/i 


TURE 




\\ 




-250C 
70'C 










\ 
































s, 


Vcc =4 
OUTPU 


75V 
T "HIG 


H" TYP 


ICAL 






V 






^ 


V 









OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 



i 



AMBI 


NTTE 


MPERA 


TURE = 


y. 


<^ 


^' 








/^ 


Z. 


>* 


^ 








V 


y 


^ 










/ 


'70''C 








^ 




Vcc-< 

OUTPU 


.75V 
T "LOV 


VTYP 


CAL 


/ 


y 




/ 















Vol (VOLTS) 
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A.C. Characteristics 



READ CYCLE 


Ta = 0°C to 70°C, Vcc = 5V ±5% 


, unless otherwise specified. 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


^RCY 


Read Cycle 


850 






ns 


(See below) 


tA 


Access Time 






850 


ns 


^00 


Chip Enable To Output 




. 


650 


ns 


tOD 


Output Disable To Output 






550 


ns 


tDpM] 


Data Output to High Z State 







200 


ns 


tOH 


Previous Data Read Valid 
after change of Address 









ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


twCY 


Write Cycle 


850 






ns 


(See below) 


^AW 


Write Delay 


150 






ns 


tew 


Chip Enable To Write 


750 






ns 


tow 


Data Setup 


500 






ns 


^DH 


Data Hold 


100 






ns 


twp 


Write Pulse 


630 






ns 


%R 


Write Recovery 


50 






ns 



A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl = lOOpF 



Capacitance ta = 25°c, f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ. 


Max. 


Qn 


Input Capacitance 

(All Input Pins) V|n = OV 


4 


8 


Qdut 


Output Capacitance Vqut = OV 


8 


12 



Waveforms 

READ CYCLE 



(COMMON I/O) 131 




WRITE CYCLE 



[2] 




NOTES: 1. top is with respect to the trailing edge of CE1, CE2, or CD, whichever occurs first. 

2. During the write cycle, OD is a logical 1 for common I/O and "don't care" for separate I/O operation. 

3. OD should be tied low for separate I/O operation. 
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8101A-4 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH SEPARATE I/O 



256 X 4 Organization to Meet Needs 
for Small System Memories 

Access Time — 450 nsec Max. 

Single + 5V Supply Voltage 

Directly TTL Compatible — All Inputs 
and Output 

Static MOS — No Clocks or 
Refreshing Required 

Simple Memory Expansion — Chip 
Enable Input 



■ Inputs Protected — All Inputs Have 
Protection Against Static Charge 

■ Low Cost Packaging — 22 Pin Plastic 
Dual-ln-Line Configuration 

■ Low Power — Typically 150 mW 

■ Three-State Output — OR-Tie 
Capability 

■ Output Disable Provided for Ease of 
Use in Common Data Bus Systems 



The Intel® 8101A-4 is a 256 word by 4 bit static random access memory element using normally off N- 
channel MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore 
requires no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity 
as the input data. 

The 8101 A-4 is designed for memory applications where high performance, low cost, large bit storage, and 
simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single+5V supply. Two chip-enables 
allow easy selection of an individual package when outputs are OR-tied. An output disable is provided so 
that data inputs and outputs can be tied for common I/O systems. Output disable is then used to eliminate 
any bidirectional logic. 

The Intel® 8101 A-4 is fabricated with N-channel silicon gate technology. This technology allows the design 
and production of high performance, easy-to-use MOS circuits and provides a higher functional density on a 
monolithic chip than either conventional MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use 
of low cost silicone packaging. 



PIN CONFIGURATION 



ZlVcc 

R/W 

ZJ ceT 

OD 

I CE2 

DO4 

DI4 

ZIDO3 



LOGIC SYMBOL 



BLOCK DIAGRAM 



A3IZ 


1 


22 


A2CZ 


2 


21 


M= 


3 


20 


AoIZ 


4 


19 


A5IZ 

AelZ 


8101 A-4 

6 


18 
17 


A.[Z 


7 


16 


GND 1 


8 


15 


D'lCZ 


9 


14 


Do.iz: 


10 


13 


DIjIZ 


11 


12 



Ao 




D'l 


Ai 




DO, 


A2 




DI2 


A3 




DO2 


A4 




DI3 


%ioiA.r3 

Ag OI4 


A7 




DO, 
OD 


R/W 


CE2 


CE1 



PIN NAMES 



D,N 


DATA INPUT 


OD 


OUTPUT DISABLE 


Ao-^ 


ADDRESS INPUTS 


Pout 


DATA OUTPUT 


R/W 


READ/WRITE INPUT 


Vcc 


POWER (+5V) 


CFr.CE2 


CHIP ENABLE 


1 




0= PIN NUMBERS 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias 0°C to 70° C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



-*«?i%|.,^ 









^COMMENT: 



Stresses above those listed under Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vcc = 5V ±5% unless otherwise specified. 



Symbol 


Parameter 


Min. 


TypJ^^ 


Max. 


Unit 


Test Conditions 


Ili 


Input Current 






10 


MA 


V|N =0 to 5.25V 


koH 


I/O Leakage Currentf2] 






5 


MA 


CE = 2.2V, VouT = 4.0V 


Ilol 


I/O Leakage Current[2) 






-10 


MA 


CE = 2.2V, VouT = 0.45V 


icci 


Power Supply Current 




30 


55 


mA 


V,N = 5.25V, lo = OmA 
Ta = 25°C 


ICC2 


Power Supply Current 






60 


mA 


V|N = 5.25V, lo = 0mA 
Ta=0°C 


V|L 


Input "Low" Voltage 


-0.5 




0.8 


V 




V|H 


Input "High" Voltage 


2.0 




Vcc 


V 




Vol 


Output "Low" Voltage 






+0.45 


V 


Iql = 2.0mA 


VOH 


Output "High" Voltage 


2.4 






V 


Ioh=-150mA 



NOTE: 



1. Typical values are for Ta = 25° C and nominal supply voltage. 

2. Input and Output tied together. 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 







AMBI 

Lo°cJ 


ENTTE 


MPER/i 


TURE 




^ 


-— ' 


.25°C 
-70°C 










\ 


{ 














\ 














\ 


V 


Vcc = 4 
OUTPU 


75V 
T "HIG 


H"TYP 


ICAL 






\ 






> 


V 









AMBI 


NTTE 


VIPERA 


TURE- 


Vy 


f^ 










// 


z. 


1 


^ 






A 


y 


,/ 


k 








/ 


/ 


'70°C 








^ 


/ 


Vcc = 4 

OUTPU 


.75V 
T •LOV 


VTYP 


CAL 


> 


/ 




/ 















Vqh (VOLTS) 
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A.C. Characteristics 

READ CYCLE Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 



'"''"^mBtrip: l;:'''j^^^tB f>,,,,^, "" *■"**: * 



CIIIj 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tRCY 


Read Cycle 


450 






ns 


(See below) 


tA 


Access Time 






450 


ns 


tco 


Chip Enable To Output 






310 


ns 


tOD 


Output Disable To Output 






250 


ns 


tr-ti] 


Data Output to High Z State 







200 


ns 


tOH 


Previous Data Read Valid 
after change of Address 


40 






ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tWCY 


Write Cycle 


270 






ns 


(See below) 


tAW 


Write Delay 


20 






ns 


tew 


Chip Enable To Write 


250 






ns 


tow 


Data Setup 


250 






ns 


tDH 


Data Hold 









ns 


twp 


Write Pulse 


250 






ns 


tWR 


Write Recovery 









ns 


tDS 


Output Disable Setup 


20 






ns 



A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl = 100 pF 



Capacitance Ta = 25°c, f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ. 


Max. 


C|N 


Input Capacitance 

(All Input Pins) V,n = OV 


4 


8 


Qdut 


Output Capacitance Vqut = OV 


8 


12 



Waveforms 

READ CYCLE 



WRITE CYCLE 



[2] 



0( 



OD 
(COMMON I/O) 131 



DATA 
OUT 



)C 



\ 



z 



■" »co- 



^. 



:d{ 



A 



DATA OUT 
VALID 




■ 



NOTES: 1. tDF 's with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first. 

2. During the write cycle, OD is a logicall for common I/O and "don't care" for separate I/O operation. 

3. OD should be tied low for separate I/O operation. 
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Intel 



8111-2 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH COMMON I/O AND OUTPUT DISABLE 



Organization 256 Words by 4 Bits 

Access Time — 850 nsec Max. 

Common Data input and Output 

Singie +5V Supply Voltage 

Directly TTL Compatible — All Inputs 
and Output 

Static MOS — No Clocks or 
Refreshing Required 

Simple Memory Expansion — Chip 
Enable Input 



Fully Decoded — On Chip Address 
Decode 

Inputs Protected — All Inputs Have 
Protection Against Static Charge 

Low Cost Packaging — 18 Pin Plastic 
Dual-ln-Line Configuration 

Low Power — Typically 150 mW 

Three-State Output — OR-Tie 
Capability 



The Intel 8111-2 is a 256 word by 4 bit static random access memory element using normally off N-channel 
MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires 
no clocks or refreshing to operate. The data is read out nondestructively and has the same polarity as the 
input data. Common input/output pins are provided. 

The 8111-2 is designed for memory applications in small systems where high performance, low cost, large bit 
storage, and simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable 

(CE) leads allow easy selection of an individual package when outputs are OR-tied. 

® 
The Intel 81 1 1-2 is fabricated with N-channel silicon gate technology. This technology allows the design and 

production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon- 
olithic chip than either conventional MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use 
of low cost silicone packaging. 



PIN CONFIGURATION 




LOGIC SYMBOL 



I/O, 



Ag 811 12 



RA/V CE, CEj 

TTT 





PIN NAMES 


A0-A7 




ADDRESS INPUTS 


OD 




OUTPUT DISABLE 


R/W 




READ/WRITE INPUT 


CE, 




CHIP ENABLE 1 


CE2 




CHIP ENABLE 2 


l/Ov 


/04 


DATA INPUT/OUTPUT 



BLOCK DIAGRAM 




Q PIN NUMBERS 
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Absolute Maximum Ratings'^ 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. and Operating Characteristics 



Ta = 0°C to 70° C, Vcc = 5V ±5% , unless otherwise specified. 










Symbol 


Parameter 


Min. 


Typ.[i] 


Max. 


Unit 


Test Conditions 


•li 


Input Load Current 






10 


ma 


V,N = to 5.25V 


'loh 


I/O Leakage Current 






15 


HA 


CE = 2.2V, V,/o= 4.0V 


•lol 


I/O Leakage Current 






-50 


ma 


CE = 2.2V, V|/o = 0.45V 


icci 


Power Supply Current 




30 


60 


mA 


V,N = 5.25V 

l,/0 = 0mA, Ta = 25°C 


ICC2 


Power Supply Current 






70 


mA 


V,N = 5.25V 

l|/0 = 0mA, Ta = 0°C 


V|L 


Input Low Voltage 


-0.5 




+0.65 


V 




V,H 


Input High Voltage 


2.2 




Vcc 


V 




Vol 


Output Low Voltage 






0.45 


V 


l0L = 2.0mA 


VOH 


Output High Voltage 


2.2 






V 


Ioh=-150mA 



NOTES: 1 . Typical values are for Ta = 25° C and nominal supply voltage. 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



L W 




AMBI 

:0°C_. 


ENTTE 


MPERA 


TURE 




\^ 




-25°C 
-70°C 










A 
































V 


Vcc=« 
OUTPU 


75V 
T "HIG 


H-TYP 


ICAL 






\ 






1 


V 









OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 




■ 

AMBII 


NTTE 


MPERA 


TURE- 


y. 


^ 










A 


z 


> 


^ 






A 


y 


y 


y^ 








/ 


A 


70*C 










/ 


OUTPU 


.75V 
T "LO* 


H" TYP 


CAL 


/ 






/ 















VoH (VOLTS) 
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A.C. Characteristics 



READ CYCLE 


Ta = 0°C to 70°C, Vcc = 5V ±5% 


unless otherwise specified. 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tRCY 


Read Cycle 


850 






ns 


(See below) 


tA 


Access Time 






850 


ns 


tco 


Chip Enable To Output 






650 


ns 


tOD 


Output Disable To Output 






550 


ns 


tDpflJ 


Data Output to High Z State 







200 


ns 


^OH 


Previous Data Read Valid 
after change of Address 









ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


twCY 


Write Cycle 


850 






ns 


(See below) 


^AW 


Write Delay 


150 






ns 


tew 


Chip Enable To Write 


750 






ns 


tow 


Data Setup 


500 






ns 


tDH 


Data Hold 


100 






ns 


twp 


Write Pulse 


630 






ns 


tWR 


Write Recovery 


50 






ns 



A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl = lOOpF 



Capacitance ta = 25°c, f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ. 


Max. 


C|N 


Input Capacitance 

(All Input Pins) V|n = OV 


4 


8 


COUT 


Output Capacitance Vqut = OV 


10 


15 



Waveforms 

READ CYCLE 



WRITE CYCLE 



o( 



CHIP 
ENABLES 



OUTPUT 
DISABLE 



V 



-^toD — 



\ 



:x 



)C — Z)( 



y 



/ '""-*' 



DATA OUT 
VALID 



CHIP 
ENABLES 



OUTPUT 
DISABLE 



READ/ 
WRITE 



1 



-tyycY- 



-tpF ^l-*- 

± 



^. 



DATA IN 
STABLE 



>C 



/ 



)C 



r 



NOTE: 1 . tpF 's with respect to the trailing edge of CE1 , CE2, or CD, whichever occurs first. 
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8111A-4 



1024 BIT (256 x 4) STATIC MOS RAM 
WITH COMMON I/O AND OUTPUT DISABLE 



Organization 256 Words by 4 Bits 

Access Time — 450 nsec Max. 

Common Data Input and Output 

Single +5V Supply Voltage 

Directly TTL Compatible — All Inputs 
and Output 

Static MOS — No Clocks or 
Refreshing Required 

Simple Memory Expansion — Chip 
Enable Input 



Fully Decoded • 
Decode 



On Chip Address 



■ Inputs Protected — All Inputs Have 
Protection Against Static Charge 

■ Low Cost Packaging — 18 Pin Plastic 
Dual-ln-Line Configuration 

■ Low Power — Typically 150 mW 

■ Three-State Output — OR-Tie 
Capability 



The Intel® 8111A-4 is a 256 word by 4 bit static random access memory element using normally off 
N-channel MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and 
therefore requires no clocks or refreshing to operate. The data is read out nondestructively and has the 
same polarity as the input data. Common input/output pins are provided. 

The8111A-4is designed for memory applications in small systems where high performance, low cost, large 
bit storage, and simple interfacing are important design objectives. 

I t is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable 
(CE) leads allow easy selection of an individual package when outputs are OR-tied. 

The Intel® 8111A-4 is fabricated with N-channel silicon gate technology. This technology allows the design 
and production of high performance, easy-to-use MOS circuits and provides/a higher functional density on a 
monolithic chip than either conventional MOS technology or P-channel silicon gate technology. 

Intel's silicon gate technology also provides excellent protection against communication. This permits the 
use of low cost silicone packaging. 



«■ 11 



PIN CONFIGURATION 




LOGIC SYMBOL 



A3 1/O3 

A4 1/O4 

A58IIIA-4 

^6 OD 

R/W CE. CE, 



TT 





PIN NAMES 


Ao-A- 




ADDRESS INPUTS 


OD 




OUTPUT DISABLE 


R/W 




READ/WRITE INPUT 


CEi 




CHIP ENABLE 1 


CE2 




CHIP ENABLE 2 


l/Ov 


1/O4 


DATA INPUT/OUTPUT 



BLOCK DIAGRAM 




Q PIN NUMBERS 
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Absolute Maximum Ratings'^ 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 






^COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. and Operating Characteristics 



Ia = Cto70 


C, Vcc = 5V ±5% , unless otherwis 


B specified 










Symbol 


Parameter 


Min. 


Typ.[l] 


Max. 


Unit 


Test Conditions 


Ili 


Input Load Current 






10 


ma 


V|N=0 to 5.25V 


'loh 


I/O Leakage Current 






5 


AtA 


CE = 2.2V, V,/o= 4.0V 


'lol 


I/O Leakage Current 






-10 


/iA 


CE = 2.2V, V|/o = 0.45V 


•cci 


Power Supply Current 




30 


55 


mA 


V,N = 5.25V 

l,/0 = 0mA, Ta = 25°C 


'CC2 


Power Supply Current 






60 


mA 


V|N = 5.25V 

l,/O = 0mA,TA = 0°C 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 




V,H 


Input High Voltage 


2.0 




Vcc 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.0mA 


VoH 


Output High Voltage 


2.4 






V 


loH=-150/iA 



NOTES: 1 . Typical values are for Ta = 25°C and nominal supply voltage. 



OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 



L \\ 




AMBI 

:0°C_| 


ENTTE 


MPER/ 


TUBE 




\^ 




.25°C 

-yo-c 










\ 
































s^ 


Vcc =4 
OUTPU 


75V 
T "HIG 


H"TYP 


ICAL 






\ 






> 


V 









AMBII 


NTTE 


MPERA 


TURE- 


y^ 


^ 










/y 


Z 




^ 






A 


y 


y 


y 








r 


/ 


TO'C 








/ 


/ 


Vcc-< 

OUTPU 


.75V 
T "LOV 


V TVP 


CAL 


/ 


Y 




/ 















Vol (VOLTS) 
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i*Jfiiii'lll 



jV^^IVi;,; l,,r "'*»'*fl»i 



A.C. Characteristics 






READ CYCLE 


Ta = 0°C to 70°C, Vcc = 5V ±5%, 


jnless otherwise specif iec 


. 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tRCY 


Read Cycle 


450 






ns 


(See below) 


tA 


Access Time 






450 


ns 


tco 


Chip Enable To Output 






310 


ns 


tOD 


Output Disable To Output 






250 


ns 


tDptll 


Data Output to High Z State 







200 


ns 


tOH 


Previous Data Read Valid 
after change of Address 


40 






ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tWCY 


Write Cycle 


270 






ns 


(See below) 


tAW 


Write Delay 


20 






ns 


tew 


Chip Enable To Write 


250 






ns 


tow 


Data Setup 


250 






ns 


tpH 


Data Hold 









ns 


twp 


Write Pulse 


250 






ns 


tWR 


Write Recovery 









ns 


tDS 


Output Disable Setup 


20 






ns 



A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and Cl = lOOpF 



Capacitance ta = 25°c, f = i mhz 



Symbol 


Test 


Limits (pF) 


Typ. 


Max. 


C|N 


Input Capacitance 

(All Input Pins) V|n = OV 


4 


8 


COUT 


Output Capacitance Vqut = OV 


10 


15 



Waveforms 

READ CYCLE 



WRITE CYCLE 



o( 



CHIP 

ENABLES 

(CE1,CE5) 



OUTPUT 
DISABLE 



1. 



V 



:x 



)C 



/ 



i^ »0H- 



DATA OUT 
VALID 




READ/ 
WRITE 



NOTE: 1 . tDF is with respect to the trailing edge of CE1 , CE2, or OD, whichever occurs first. 



8-65 



Intel 



8102A-4 
1024 BIT STATIC MOS RAM 



■ Access Time — 450 ns Max. 

■ Single +5 Volts Supply Voltage 

■ Directly TTL Compatible — All Inputs 
and Output 

■ Static MOS — No Clocks or 
Refreshing Required 

■ Low Power — Typically 150 mW 

■ Three-State Output — OR-Tie 
Capability 



■ Simple Memory Expansion — Chip 
Enable Input 

■ Fully Decoded — On Chip Address 
Decode 

■ Inputs Protected — All Inputs Have 
Protection Against Static Charge 

■ Low Cost Packaging — 16 Pin Plastic 
Dual-ln-Line Configuration 



The lnter8102A-4 is a 1024 word by one bit static random access memory element using normally off 
N-channel MOS devices integrated on a monolithic array. It uses fully DC stable (static) circuitry and there- 
fore requires no clocks or refreshing to operate. The data is read out nondestructively and has the same 
polarity as the input data. 

The 8102A-4 is designed for microcomputer memory applications where high performance, low cost, large 
bit storage, and simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip 

enable (CE) lead allows easy selection of an individual package when outputs are OR-tied. 

® 
The Intel 81 02A-4 is fabricated with N-channel silicon gate technology. This technology allows the design and 

production of high performance, easy-to-use MOS circuits and provides a higher functional density on a mon- 
olithic chip than either conventional MOS technology or P-channel silicon gate technology. 

Intel'ssilicon gate technology also provides excellent protection against contamination. This permits the use 
of low cost silicone packaging. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 



A5[ 
R/W[ 

A2[Z 

AaCZ 

A4CZ 
AoCZ 



1 16 

2 15 

3 14 

4 13 
8102A-4 

5 12 

6 11 

7 10 

8 9 



IA7 

I As 

IA9 

jCE 

I DATA OUT 

I DATA IN 

jVcc 

Ignd 



A3 
A4 

A5 8102A-4 

Ae 
A7 

As DouT 



TT 



PIN NAMES 



Dim 


DATA INPUT 


CE CHIP ENABLE 


A0-A9 


ADDRESS INPUTS 


Dour DATA OUTPUT 


R/W 


READ/WRITE INPUT 


Vcc POWER (+5V) 




Q= PIN NUMBERS 
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8102A-4 



ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect To Ground 



Power Dissipation 



-0.5V to +7V 
1 Watt 



*COMMENT: Stresses above those listed under '^Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

T^ = 0°C to +70°C, Vj.^ = 5V ±5% unless otherwise specified 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP.<1> 


MAX. 


•li 


INPUT LOAD CURRENT 
(ALL INPUT PINS) 






10 


/iA 


V|N=0 to 5.25V 


'loh 


OUTPUT LEAKAGE CURRENT 






5 


MA 


CE = 2.0V,VouT = 2.4toV 


'lol 


OUTPUT LEAKAGE CURRENT 






-10 


MA 


CE=2.0V,VouT = 0-4V 


'cci 


POWER SUPPLY CURRENT 




30 


50 


mA 


ALL INPUTS = 5.25V 
DATA OUT OPEN 
T^ = 250C 


'CC2 


POWER SUPPLY CURRENT 






55 


mA 


ALL INPUTS = 5.25V 
DATA OUT OPEN 
Ta=0°C 


V,L 


INPUT "LOW" VOLTAGE 


-0.5 




0.8 


V 




V,H 


INPUT "HIGH" VOLTAGE 


2.0 




Vcc 


V 




Vol 


OUTPUT "LOW" VOLTAGE 






0.4 


V 


l0L = 2.1mA 


VOH 


OUTPUT "HIGH" VOLTAGE 


2.4 






V 


l0H= -100mA 



(1) Typical values are for Ta= 25^0 and nominal supply voltage. 



TYPICAL D.C. CHARACTERISTICS 

POWER SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 











Vf^ = 5.25V 




^^ 


^ ^ 










\ 


SPEC. 
•OINTJ 


k 


* • , 


' - • 





'-- 





















ypjCA 


L 


















"*"*■ 

















POWER SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 



















AMBI{ 


NTTE 


V1PERA 


TURE = 


= 25°C 














^ 






^A 


^ 


^ 










^\ 










































10 20 30 40 50 60 

AMBIENT TEMPERATURE (°C) 



Vcc (VOLTS) 



a-e? 



8102A-4 



A. C. Characteristics T^ = 0°C to 70°C, V^^ = 5V ±5% unless otherwise specified 



Symbol 


Parameter 

■ 


Limits 


Unit 


Min. 


Typ.[l] 


Max. 


READ CYCLE 


tRC 


Read Cycle 


450 






ns 


tA 


Access Time 






450 


ns 


tco 


Chip Enable to Output Time 






230 


ns 


tOHl 


Previous Read Data Valid with Respect to Address 


40 






ns 


^0H2 


Previous Read Data Valid with Respect to Chip Enable 









ns 


WRITE CYCLE 


twc 


Write Cycle 


450 






ns 


Uw 


Address to Write Setup Time 


20 






ns 


twp 


Write Pulse Width 


300 






ns 


%R 


Write Recovery Time 









ns 


tow 


Data Setup Time 


300 






ns 


tDH 


Data Hold Time 









ns 


tew 


Chip Enable to Write Setup Time 


300 






ns 



NOTE: 1 . Typical values are for Ta = 25° C and nominal supply voltage. 



A.C. CONDITIONS OF TEST 

Input Pulse Levels: 
Input Rise and Fall Tinnes: 
Timing Measurement Inputs: 
Reference Levels Output: 



Output Load: 



0.8 Volt to 2.0 Volt 
1 0nsec 
1.5 Volts 
0.8 and 2.0 Volts 
1 TTL Gate and Cl = 100 pF 



Capacitance^ ^Ta =25°c, f=iMHz 



SYMBOL 


TEST 


LIMITS (pF) 1 


TYP.I11 


MAX. 


^IN 


INPUT CAPACITANCE 
(ALL INPUT PINS) V,^,=OV 


3 


5 


^OUT 


OUTPUT CAPACITANCE 
VouT = OV 


7 


10 



NOTE: 



2. This parameter is periodically sampled 
and is not 100% tested. 



Waveforms 



READ CYCLE 



WRITE CYCLE 



5>Cl 



CHIP 
ENABLE 



DATA 
OUT 



© 1.5 VOLTS 
(5) 2.0 VOLTS 

'^ 0.8 VOLTS 



■\ 



:>$ 






k>H^ 



:^ 



sO^~ 



CHIP 
ENABLE 



-^ 



READ/ 
WRITE 



DATA DATA CAN ^ 
IN CHANGE 



X 



DATA STABLE 



>C 



r 






DATA CAN 
CHANGE 



8-68 



Intel 



8107B-4 

FULLY DECODED RANDOM ACCESS 
4096 BIT DYNAMIC MEMORY 



* Access Time - 270 ns max. 

* Read, Write Cycle Times- 470 ns max. 

* Refresh Period- 2ms 



" Low Cost Per Bit 

> Low Standby Power 

' Easy System Interface 
■ Only One High Voltage 
Input Signal -Chip Enable 

> TTL Compatible -All Address, 
Data, Write Enable, 

Chip Select Inputs 

Read-Modify-Write Cycle 
Time- 590 ns 



" Address Registers 
Incorporated on the Chip 

" Simple Memory Expansion • 
Chip Select Input Lead 

■ Fully Decoded -On Chip 
Address Decode 

■ Output is Three State and 
TTL Compatible 

- Industry Standard 22-Pin 
Configuration 



The Intel 8107B is a 4096 word by 1 bit dynamic n-channel MOS RAM. It was designed for nnemory applications where 
very low cost and large bit storage are important design objectives. The 8107B uses dynamic circuitry which reduces the 
standby power dissipation. 

Reading information from the memory is non-destructive. Refreshing is most easily accomplished by performing one read 
cycle on each of the 64 row addresses. Each row address must be refreshed every two milliseconds. The memory is re- 
freshed whether Chip Select is a logic one or a logic zero. 

The 8107B is fabricated with n-channel silicon gate technology. This technology allows the design and production of 
high performance, easy to use MOS circuits and provides a higher functional density on a monolithic chip than other 
MOS technologies. The 8107B uses a single transistor cell to achieve high speed and low cost. It is a replacement for 
the8107B. 



PIN CONFIGURATION 

8107B 

Dvss 
13 As 

=]A7 
=1A« 
I] Vdo 
ZlCE 
ZINC 

ZJA4 

ZIA3^ 
D WE 



LOGIC SYMBOL 

8107B 



VbbC 


7^ 


22 


A9 C 




21 


AioC: 




20 


AnC 




19 


CSC 




18 


DiNtZ 




17 


D^C 




16 


AoC 




15 


A,I= 




14 


A^CI 


10 


13 


VccC 


11 


12 



CS CE WE 



PIN NAMES 



Ao-A„ 


ADDRESS INPUTS* 


Vbb 


POWER (-5V) 


CE 


CHIP ENABLE 


Vcc 


POWER (+5V) 


CS 


CHIP SELECT 


Vdd 


POWER (+12V) 


D.N 


DATA INPUT 


Vss 


GROUND 


DOUT 


DATA OUTPUT 


WE 


WRITE ENABLE 


NO 


NOT CONNECTED 







* Refresh Address Ag-Ag. 



BLOCK DIAGRAM 



ROW DECODE 
and BUFFER 
REGISTER 



MEMORY 
ARRAY 



TIMING 

CONTROL 

GENERATOR 



^ 



M)0 



Vss 



COLUMN 
AMPLIFIERS 



COLUMN DECODE 

and 
BUFFER REGISTER 



OouT 



TTTTTT 

A^ A7 Ag Ag A,o A,, 
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Absolute Maximum Ratings* 

Temperature Under Bias 0°C to 70°G 

Storage Temperature -65° C to +150°C 

All Input or Output Voltages with Respect to the most Negative Supply Voltage, \/qq +25V to -0.3V 

Supply Voltages Vdd» Vcc/and Vss with Respect to Vbb +20V to -0.3V 

Power Dissipation 1 .25W 

"COMMENT: 

Stresses above those fisted under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
th is specifica tion is not implied. Exposure to absolu te maximum ra ting conditions for ex tended periods ma y affec t de vice reliability. 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C, Vdd = +1 2V ± 5%, Vqc = +5V ± 5%, Vbb ^^ ^ = -5V ± 5%, Vgs = OV. unless otherwise noted. 



Symbol 


Parameter 


Limits 


Unit 






Min. 


Typ.l2] 


Max. 




Ili 


Input Load Current 
(all Inputs except CE) 




.01 


10 


MA 


V|N = ViLMINtO ViHMAX 


Ilc 


Input Load Current 




.01 


10 


liA 


V|N = ViLMIN to ViHMAX 


HloI 


Output Leakage Current 
for high Impedance state 




.01 


10 


MA 


CE = V,LcorCS = V,H 
Vo=OV to 5.25V 


'ddi 


Vdd Supply Current 
during CE off 13] 




110 


200 


MA 


CE = -1Vto+.6V 


'dD2 


Vdd Supply Current 
during CE on 




80 


100 


mA 


CE = V,hoTa = 25°C 


•ddavi 


Average Vdd Current 




55 


80 


mA 


Cycle time=470ns, - 
tcE = 300ns 


- Ta = 25°C 


bDAV2 


Average Vdd Current 




27 


40 


mA 


Cycle time = 1000ns, 
tcE = 300ns 


lcciI4] 


Vec Supply Current 
during CE off 




.01 


10 


ma 


CE = V,LcorCS = V,H 


iBB 


Vbb Supply Current 




5 


100 


ma 




V,L 


Input Low Voltage 


-1.0 




0.6 


V 


tT = 20ns -See Figure 4 


V|H 


Input High Voltage 


2.4 




Vcc+1 


V 




V|LC 


CE Input Low Voltage 


-1.0 




+1.0 


V 




VlHC 


CE Input High Voltage 


Vdd-1 




Vdd+1 


V 




Vol 


Output Low Voltage 


0.0 




0.45 


V 


Iql = 2.0mA 


VOH 


Output High Voltage 


2.4 




Vcc 


V 


Iqh = -2.0mA 



NOTES: 

1 . The only requirement for the sequence of applying voltage to the device is that VdD' Vqc. aid Vss should never be .3V more 
negative than Vbb- 

2. Typical values are for T^ = 25° C and nominal power supply voltages. 

3. The Ipo a"cl Icc currents flow to Vss- The Ibb current is the sum of all leakage currents. 

4. During CE on Vcc supply current is dependent on output loading, Vcc 'S connected to output buffer only. 
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R6dd dnd Rof rGSh Cycle (Numbers in parentheses are for minimum cycle timing in ns) 



ADDRESS V 



tAc(O)- 



V.HC- 



© 



ADDRESS STABLE 



-tAH«50)- 



-tcY(470)- 



X 



ADDRESS CAN CHANGE ® 



)( 



ADDRESS STABLE 



-tceOoo)- 



-© 



-^ 



lj- 



V|H— —. 

WE 

WE CAN 

CHANGE 
V,L 



VoH--- 

pr-— HIGH 

"°"T "^ IMPEDANCE 



7 



\ 



-twc<0) 



-tco<250)- 



ill 



VALID- 



© 



- tACc(270) - 



:u 



-1^(20) 



"L- 



r 



-tcc<130)- 



T 



WECAN 
CHANGE 



-twJO) 



HIGH I 

■• IMPEDANCE *■ I 



*-tcF(0) 



-tT(20) 



Write Cycle 



V|H 

ADDRESS 
AND 



: — Y 



©• 



ADDRESS STABLE 



WE 

Ml- 



Din 
V,L- 






HIGH 
~ IMPEDANCE ■ 



-Uh(50)- 



X 



ADDRESS CAN CHANGE Q) 



X 



ADDRESS STABLE 



-tcEl300)- 



"l^ 



WE CAN CHANGE 



D,N CAN CHANGE 



X 



-t„n50)- 



-• — tvvp(50) 



1^6 



^WE CAN CHANGE 



-tD««(0) 



D,N STABLE 



::a r 



UNDEFINED 



-tT(20) 



-tT(20) 



r 



-tcc(130)- 



-tDH(O) 



X 



D|N 
CAN CHANGE 



HIGH 
~ IMPEDANCE ' 



:\ 



— tcpio) 

NOTES: 1 . For Refresh cycle row and column addresses must be stable before t/\Q and remain stable for entire t/^^ period. 

2. V||_ MAX is the reference level for measuring timing of the addresses, CS, WE, and Duvj. 

3. V|H MIN is the reference level for measuring timing of the addresses. CS, WE, and D||vj. 

4. Vss +2.0V is the reference level for measuring timing of CE. 

5. Vqd -2V is the reference level for measuring timing of CE. 

6. Vss +2.0.V is the reference level for measuring the timing of DquT- 

7. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high. 
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A. C. Characteristics t^ = o°c to 70 °c, v^d = i2v ± 5%, v^c = 5v ± 10%, vbb = -5v ± 5%, 

READ, WRITE, AND READ MODIFY/WRITE CYCLE Vgs = OV, unless otherwise noted. 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions 


tREF 


Time Between Refresh 




2 


ms 


tAC is measured frorh end of address transition 


tAC 


Address to CE Set Up Time 







ns 


tAH 


Address Hold Time 


100 




ns 


tec 


CE Off Time 


130 




ns 


tT 


CE Transition Time 


10 


40 


ns 


tCF 


CE Off to Output 
High Impedance State 







ns 



READ CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions 


tcY 


Cycle Time 


470 




ns 


tj = 20ns 

C|oad = 50pF, Load = One TTL Gate, 
Ref = 2.0V. 

^ACC = tAC + tco ■•" Itj 


tCE 


CE On Time 


300 


4000 


ns 


tco 


CE Output Delay 




250 


ns 


Ucc 


Address to Output Access 




270 


ns 


tWL 


CEtoWE 







ns 


twc 


WE to CE on 







ns 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions 


tCY 


Cycle Time 


470 




ns 


tj = 20ns 


tcE 


CE On Time 


300 


4000 


ns 


tw 


WE to CE Off 


150 




ns 


tew 


CEtoWE 


150 




ns 


tow t2] 


D,N to WE Set Up 







ns 


tDH 


D||sj Hold Time 







ns 


twp 


WE Pulse Width 


50 




ns 



Read Modify Write Cycle 



Symbol 


Parameter 


Min. 


Max. 

■ 


Unit 


Conditions 


^RWC 


Read Modify Write(RMW) 
Cycle Time 


590 




ns 


Xj = 20ns 

Soad " ^^P'"' "-^^^ " °"® ^^'- ^^^®' 
Ref = 2.0V 

tACC = tAC + tco + Itj 


^CRW 


CE Width During RMW 


420 


4000 


ns 


^wc 


WE to CE on 







ns 


^w 


WE to CE off 


150 




ns 


^VP 


WE Pulse Width 


50 




ns 


^DW 


D,^ to WE Set Up 







ns 


^DH 


D,j^ Hold Time 







ns 


^CO 


CE to Output Delay 




250 


ns 


^ACC 


Access Time 




270 


ns 
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Read Modify Write Cycle 



[1] 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions 


^RWC 


Read Modify Write! RMW) 
Cycle Time 


590 




ns 


tj = 20ns 

^load " ^^^^' ^°^^ " ^"® ^^^ ^^^®' 
Ref = 2.0V 

^ACC = ^AC + tco + Itj 


^CRW 


CE Width During RMW 


420 


3000 


ns 


Vvc 


WE to CE on 







ns 


^W 


WE to CE off 


150 




ns 


\np 


WE Pulse Width 


50 




ns 


^DW 


D,^ to WE Set Up 







ns 


^H 


D,^ Hold Time 







ns 


^CO 


CE to Output Delay 




250 


ns 


^ACC 


Access Time 




270 


ns 



(Numbers in parentheses are for minimum cycle timing in ns.) 




NOTES: 

1. A. C. characteristics are guaranteed only if cumulative CE on time during tRgp is <65% of tREF- For continuous Read-Modify-Write 
operation, tcc 3"^ tRvVC should be increased to at least 185ns and 645ns, respectively. 

2. V|L MAX is the reference level for measuring timing of the addresses, CS, W?, and D|[v]. 

3. ViH MIN is the reference level for measuring timing of the addresses, CS, WE, and D|(\j. 

4. Vss +2.0V is the reference level for measuring timing of CE. 

5. Vqd -2V is the reference level for measuring timing of CE. 

6. Vss +2.0V is the reference level for measuring the timing of DquT- 

7. WE must be at V|h until end of tco- 

8. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high. 
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Intel 



8222 

DYNAMIC MEMORY 
REFRESH CONTROLLER 



Adjustable Refresh 
Request Oscillator 

Ideal for 8107A,8107B 
4K RAM Refresh 



Internal Address 
Multiplexer 

Up to 6 Row Input Addresses 
(64x 64 Organization ) 



The 8222 is a refresh controller for dynamic RAMs requiring row refresh of up to 6 row input addresses (or 4K bits for 64 x 
64 organization). The device contains an accurate refresh timer (whose frequency can be set by an external resistor and ca- 
pacitor) plus all necessary control and I/O circuitry to provide for the refresh requirements of dynamic RAMs. The chip's 
high performance makes it especially suitable for use with high speed N-channel RAMs like the 8107B. The 8222 is designed 
for large, asynchronously driven, dynamic memory systems. 



PIN CONFIGURATION 




BLOCK DIAGRAM 








REFRESH 

REQUEST 

LOGIC 








START CYCLE 












ACK 








BUSY- 




1 22 

2 21 

3 20 

4 19 

5 18 

6 8222 17 

7 16 

8 15 

9 14 

10 13 

11 12 


12 Vcc SUPPLY VOLTAGE 
^ RX/CX 

:]ack 

^ REFON 

3 BUSY 

"^ A3 ADDRESS INPUT 

"^ A4 ADDRESS INPUT 

13 A5 ADDRESS INPUT 
3 O5 ADDRESS OUTPUT 
12 O4 ADDRESS OUTPUT 
3 O3 ADDRESS OUTPUT 




5C 


REF. ON 






REFREQ [^ 








CYREQ l^ 














STARTCY £_ 
ADDRESS INPUT AjC 
ADDRESS INPUT A, [|| 




CENTER 




MUX 


N OUTPUT 

> ADDRESSES 
^ A0-A5 


ADDRESS INPUT AqI^ 








ADDRESS OUTPUT Oq ^ 
ADDRESS OUTPUT O^C 


INPUT 1 N. 
Annnrccrq 1 / 




Vcc 






V 




ADDRESS OUTPUT OjC 




REF. 
REQ. 
OSC. 












GROUND C 


S 






— 


CX/RX' 
















I 
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8212 
EIGHT-BIT INPUT/OUTPUT PORT 



Fully Parallel 8-Bit Data 
Register and Buffer 

Service Request Flip-Flop 
for Interrupt Generation 

Low Input Load Current — 
.25 mA Max. 

Three State Outputs 

Outputs Sink 15 mA 



3.65V Output High Voltage 
for Direct Interface to 8080 
CPU or 8008 CPU 

Asynchronous Register 
Clear 

Replaces Buffers, Latches 
and Multiplexers in Micro- 
computer Systems 

Reduces System Package 
Count 



The 8212 Input/output port consists of an 8-bit latch with 3 -state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 

The device is multimode in nature. It can be used to innplement latches, gated buffers or multiplexers. Thus, all of the princi- 
pal peripheral and input/output functions of a microcomputer system can be implemented with this device. 



PIN CONFIGURATION 



DSX 


V 

1 


^ . 


mdF 


2 


23 


DiX 


3 


22 


Do,r 


4 


21 


Di^r 


5 


20 


DO2L 


6 19 [ 

7 '''' ,8 I 


DO3L 


8 


17 


DI4L 


9 


16 


DO4L 


10 


15 


stbT 


11 


14 


gndF 


12 


13 



PIN NAMES 



Vcc 

INT 

DOg 

DO7 
D'6 

DI5 
DO5 
CLR 
DS, 



DI,.Dl8 


DATA IN 


DOi-DOa 


DATA OUT 


ds;.ds2 


DEVICE SELECT 


MD 


MODE 


STB 


STROBE 


INT 


INTERRUPT (ACTIVE LOW) 


CLR 


CLEAR (ACTIVE LOW) 



DEVICE SELECTION 



[]>DS1 
(l|> DS2 

[2>MD - 
(lX>STB- 

[3>Dli- 
[5>Dl2- 
[L>Dl3- 
[1>D14- 
0I>Dl5- 
ll?>Dl6- 
I^DIy- 
|22>Dl8- 
Q5>CLR- 



O 



LOGIC DIAGRAM 

SERVICE REQUEST FF 

\ 



^>- 



DATA LATCH 



&> 




S^n^^ 



r 



RESET DRIVER 



(ACTIVE LOW) 



(- C 






mu 



m 



Id qI 



IRJ I I 

I I 

I l_ J 



INT(23> 
(ACTIVE LOW) 



OUTPUT 
BUFFER 



bOi [4> 



I 



- D02[l> 



■ DO3 [£> 



D Q --f--^-(-D04(lO> 
^R I I 



D05(T5> 



•iL I 



[■P>|d07[11> 




D08E> 
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Absolute Maximum Ratings* 

Temperature Under Bias Plastic . . -es^C to +75°C 

Storage Temperature --65°C to +160°C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to 5.5 Volts 

Output Currents 1 25 mA 



'COMMENT: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above 
those indicated in the operational sections 0/ this specification is not implied. 



D.C. Characteristics 



Ta = 0° 


3 to +75°C Vcc = +5V±5% 












Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 




If 


Input Load Current 
ACK,DS2,CR,DlrDl8 Inputs 


-.25 


mA 


Vf = .45V 


If 


Input Load Current 
MD Input 


-.75 


mA 


Vf = .45V 


If 


Input Load Current 
DS, Input 


-1.0 


mA 


Vf = .45V 


Ir 


Input Leakage Current 
ACK,DS,CR,DlrDl8 Inputs 


10 


/xA 


Vr = 5.25V 


Ir 


Input Leakage Current 
MO Input 


30 


/xA 


Vr = 5.25V 


Ir 


Input Leakage Current 
DS, Input 


40 


jLCA 


Vr = 5.25V 


Vc 


Input Forward Voltage Clamp 


-1 


V 


Ic = -5 mA 


V,L 


Input "Low" Voltage 


.85 


V 


V,H 


Input "High" Voltage 


2.0 


V 


Vol 


Output "Low" Voltage 


.45 


V 


loL = 15 mA 


VoH 


Output "High" Voltage 


3.65 


4.0 




V 


loH = -1 mA 


Isc 


Short Circuit Output Current 


-15 




-75 


mA 


Vo = V 


lo 


Output Leakage Current 
High Impedance State 


20 


/xA 


Vo = .45V/5.25V 


Ice 


Power Supply Current 




90 


130 


mA 
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Timing Diagram 



STB or DSi • DSj 






^t 15V 



"J \ 



X 



^ 



^ 



(SEE NOTE BELOW) 



U *D- 



X 



■~v.-=^ 



Jr. 



¥■■ 



jT 



Vqh 



^\ f' 



IXE 



X 



_ tsET ► 



X 



-»PD- 



X 



\< *PW 



NOTE: ALTERNATIVE TEST LOAD 



J^ 



q 



10K 
■AMr— O Vc, 



X^ 



X 



f 
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A.C. Characteristics 

Ta = 0°C to +75°C Vcc = +5V ± 5% 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. Typ. Max. 




tpw 


PulseWldth 


30 


ns 




tpd 


Data To Output Delay 


30 


ns 




Iwe 


Write Enable To Output Delay 


40 


ns 




tsel 


Data Setup Time 


15 


ns 




th 


Data Hold Time 


20 


ns 




tr 


Reset To Output Delay 


40 


ns 




^S 


Set To Output Delay 


30 


ns 




to 


Output Enable/Disable Time 


45 


ns 




tc 


Clear To Output Delay 


55 


ns 





CAPACITANCE* 



1 MHz Vbi/ 



2.5V Vcc = +5V Ta = 25°C 



1 



Symbol 


Test 


LIIVIITS 


Typ. fAax. 


C|N 


DSi MD Input Capacitance 


9pF 12 pF 


C|N 


DS2, CK,ACK, DI.-DIa 
Input Capacitance 


5 pF 9 pF 


CoUT 


DOrDOs Output Capacitance 


8pF 12 pF 



*This parameter is sampled and not 100% tested. 



Switching Characteristics 

CONDITIONS OF TEST 

Input Pulse Amplitude = 2.5 V 

Input Rise and Fall Times 5 ns 

Between IV and 2V Measurements made at 1.5V 

with 15 mA & 30 pF Test Load 



TEST LOAD 
15mA&30pF 



*3b pF :!=. 'e < 



* INCLUDING JIG & PROBE CAPACITANCE 
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8255 
PROGRAMMABLE PERIPHERAL INTERFACE 



24 Programmable I/O Pins 
Completely TTL Compatible 
Fully Compatible with MCS" -8 and 
MCS'''-80 Microprocessor Families 



Direct Bit Set/Reset Capability 
Easing Control Application Interface 
40 Pin Dual In-Line Package 
Reduces System Package Count 



The 8255 is a general purpose programmable I/O device designed for use with both the 8008 and 8080 
microprocessors. It has 24 I/O pins which may be individually programmed in two groups of twelve and 
used in three major modes of operation. In the first mode (Mode 0), each group of twelve I/O pins may be 
programmed in sets of 4 to be input or output. I n Mode 1 , the second mode, each group may be programmed 
to have 8 lines of input or output. Of the remaining four pins three are used for handshaking and interrupt 
control signals. The third mode of operation (Mode 2) is a Bidirectional Bus mode which uses 8 lines for a 
bidirectional bus, and five lines, borrowing one from the other group, for handshaking. 

Other features of the 8255 include bit set and reset capability and the ability to source 1mA of current at 
1.5 volts. This allows darlington transistors to be directly driven for applications such as printers and high 
voltage displays. 



PIN CONFIGURATION 



PA3C 1 
PA2 H 2 
PA1 [[ 3 
PAOC 4 
RDC 5 
CS [I 6 
GNDC 7 
A1 [[ 8 
AOC 9 
PC7 \Z 10 
PC6[I 11 
PC5 d 12 

pc4[;; 13 

PCOd 14 
PCI C 15 
PC2 C 16 
PC3 d 17 
PB0[I 18 
PBlQ 19 
PB2[;; 20 



"vy 



8255 



I] PA4 
I] PAS 
I] PA6 
Z] PA7 
U WR 
^ RESET 
I] Do 

Hd, 

:]D3 

=lD4 

:]D5 

^ PB7 
H PB6 
^ PBS 
H PB4 
^ PB3 



PIN NAMES 



D7-D0 


DATA BUS (BIDIRECTIONAL) 


RESET 


RESET INPUT 


CS 


CHIP SELECT 


RD 


READ INPUT 


WR 


WRITE INPUT 


AO, A1 


PORT ADDRESS 


PA7-PA0 


PORT A (BIT) 


PB7-PB0 


PORT B (BIT) 


PC7-PC0 


PORT C (BIT) 


Vcc 


+5 VOLTS 


GND 


gf VOLTS 



8255 BLOCK DIAGRAM 



Bl DIRECTIONAL D 



■.".C=^ 



<? 



c=^ 



READ/ 
WRITE 
CONTROL 



<^=> 



GROUP 



\ 1/ PA, I 




C=^ 



-N .0 

— t/ PC3 PCo 
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ABSOLUTE MAXIMUM RATINGS' 



Ambient Temperature Under Bias C to 70 C 

Storage Temperature . . . -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under ^'Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS Ta = 0°C to 70°C; Vcc = +5V ±5%; Vgs = OV 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


V,L 


Input Low Voltage 






.8 


V 




V|H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






.4 


V 


loL=1-6mA 


VOH 


Output High Voltage 


2.4 






V 


loH = -50iuA(-100MAfor D.B. Port) 


lOH^li 


Darlington Drive Current 




2.0 




mA 


VoH=1-5V,REXT = 390fi 


'cc 


Power Supply Current 




40 




mA 





NOTE: 

1 . Available on 8 pins only. 



Capacitance 



Ta = 25°C;Vcc = V33 = 0V 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc= 1MHz 


C|/o 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to Vss* 
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A.C. CHARACTERISTICS Ta = 0°C to 70°C; Vqc = 


+5V±5%;Vss=0V 




Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 


twp 


Pulse Width of WR 






430 


ns 




tow 


Time D.B. Stable Before WR 


10 






ns 




tWD 


Time D.B. Stable After WR 


65 






ns 




^AW 


Time Address Stable Before WR 


20 






ns 




%A 


Time Address Stable After WR 


35 






ns 




^CW 


Time CS Stable Before WR 


20 






ns 




twc 


Time CS Stable After WR 


35 






ns 




%B 


Delay From WR To Output 






500 


ns 




tRP 


Pulse Width of RD 


430 






ns 




t|R 


RD Set-Up Time 


50 






ns 




tHR 


Input Hold Time 


50 






ns 




tRD 


Delay From RD = To System Bus 


350 






ns 




^OD 


Delay From RD = 1 To System Bus 


150 






ns 




tAR 


Time Address Stable Before RD 


50 






ns 




tCR 


Time CS Stable Before RD 


50 






ns 




tAK 


Width Of ACK Pulse 


500 






ns 




tST 


Width Of STB Pulse 


350 






ns 




tps 


Set-Up Time For Peripheral 


150 






ns 




tpH 


Hold Time For Peripheral 


150 






ns 




tRA 


Hold Time for A^ , Aq After RD = 1 


379 






ns 




^C 


Hold Time For CS After RD = 1 


5 






ns 




tAD 


Time From ACK = To Output(Mode 2) 






500 


ns 




tKD 


Time From ACK = 1 To Output Floating 






300 


ns 




%0 


Time From WR = 1 To OBF = 






300 


ns 




tAO 


Time From ACK = To OBF = 1 






500 


ns 




tsi 


Time From STB = To IBF 






600 


ns 




tRI 


Time From RD = 1 To IBF = 






300 


ns 
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-* — 



X 




\ 



< 



j^ 



t 



X 



K 



I 



)0- 



Mode (Basic Input) 



1 







^ 


V 


w •^ 

7 
















*— tojv .- 






> 


i 




X 










-twA — 






'* *aW *■ 








X 










X 




^ tjjyy ^ 








— Vc- 






\ 


V 






/ 


' 




















X 


k _ 










ViB 





.► 







Mode (Basic Output) 
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INPUT FROM 
PERIPHERAL 



—< 



-hj- 



J 



V 



h- 



\ 



r \ 




j^ 



Mode 1 (Strobed Input) 




I 



Mode 1 (Strobed Output) 
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8255 



1 




DATA FROM 
PERIPHERAL TO 8255 



DATA FROM 
8255 TO PERIPHERAL 



DATA FROM 
8255 TO 8080 



Mode 2 (Bi-directional) 
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Intel ^^^^ 

PROGRAMMABLE COMMUNICATION INTERFACE 



Synchronous and Asynchronous 
Operation 

■ Synchronous: 

5-8 Bit Characters 
Internal or External Character 
Synchronization 
Automatic Sync Insertion 

" Asynchronous: 

5-8 Bit Characters 

Clock Rate — 1,16 or 64 Times 

Baud Rate 
Break Character Generation 
1, 11/2, or2 Stop Bits 
False Start Bit Detection 



Baud Rate — DC to 56k Baud (Sync Mode) 
DC to9L6k Baud (Async Mode) 
Full Duplex, Double Buffered, 
Transmitter and Receiver 

Error Detection — Parity, Overrun, 
and Framing 

Fully Compatible with 8080 CPU 

28-Pin DIP Package 

All Inputs and Outputs Are 
TTL Compatible 

Single 5 Volt Supply 

Single TTL Clock 



The 8251 is a Universal Synchronous/Asynchronous Receiver/ Transmitter! USA RT) Chip designed for data 
communications in microcomputer systems. The USART is used as a peripheral device and is programmed 
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM 
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them into 
a continuous serial data stream for transmission. Simultaneously it can receive serial data streams and con- 
vert them into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept 
a new character for transmission or whenever it has received a character for the CPU. The CPU can read the 
complete status of the USART at any time. These include data transmission errors and control signals such 
as SYNDET, TxEMPT. The chip is constructed using N-channel silicon gate technology. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




Pin Name 


Pin Function 


D7D0 


Data Bus (8 bits) 


C/D 


Control or Data is to be Written or Read 


RD 


Read Data Command 


WR 


Write Data or Control Command 


CS 


Chip Enable 


CLK 


Clock Pulse (TTL) 


RESET 


Reset 


T^ 


Transmitter Clock 


TxD 


Transmitter Data 


R^ 


Receiver Clock 


RxD 


Receiver Data 


RxRDY 




TxRDY 


Transmitter Ready (ready for char, from 8080) 



Pin Name 


Pin Function 


DSR 


Data Set Ready 


DTR 


Data Terminal Ready 


SYNDET 


Sync Detect 


RTS 




CTS 


Clear to Send Data 


TxE 


Transmitter Empty 


Vcc 


+5 Volt Supply 


GND 


Ground 




i 



^TxRDY 

►.TxE 

_T5iC 



^RxRDY 
» SYNDET 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias . C to 70 C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under '^Absolute 
Maximum Ratings'' may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. Characteristics: 

Ta = 0°C to 70° C; Vcc = 5.0V ± 5%; Vss = OV 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


Vss-.B 




0.8 


V 




V|H 


Input High Voltage 


2.0 




Vcc 


V 




Vol 


Output Low Voltage 






0.45 


V 


l0L = 1-6mA 


VOH 


Output High Voltage 


2.2 






V 


lOH = -100/iA (DB0-7) 
lOH =-100mA (Others) 


Idl 


Data Bus Leakage 






-50 
10 


iuA. 


VoUT = -45V 
^OUT"^CC 


•li 


Input Load Current 






10 


ma 


@ 5.5V 


'cc 


Power Supply Current 




45 


80 







Capacitance 

Ta = 25°C; Vcc = Vss = OV 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


Qn 


Input Capacitance 






10 


pF 


fc=1MHz 


C|/0 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to Vgs- 
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A.C. Characteristics: 



Ta = 0°C to 70° C; Vcc = 5.0V ±5%; Vss = OV 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tCY 


Clock Period 


.420 




1.35 


MS 




t0W 


Clock Pulse Width 


220 




300 


ns 




tR,tF 


Clock Rise and Fall Time 







50 


ns 




tWR 


WRITE Pulse Width 


430 






ns 




tDS 


Data Set-Up Time for WR ITE 


200 






ns 




^DH 


Data Hold Time for WRITE 


65 






ns 




tAW 


Address Stable before WRITE 


20 






ns 




tWA 


Address Hold Time for WR ITE 


35 






ns 




tRD 


READ Pulse Width 


430 






ns 












350 


ns 




^DD 


Data Delay from READ 


Cl=100pF 


tDF 


READ to Data Floating 


25 




200 


ns 


Cl=100pF 


^ARl 


Address Stable before READ, CE (C/D) 


50 






ns 




tRAI 


Address Hold Time for READ, CE 


5 






ns 




tRA2 


Address Hold Time for READ, C/D 


370 






ns 




tpTx 


TxD Delay from Falling Edge of TxC 


1 






MS 


Cl=100pF 


tSRx 


Rx Data Set-Up Time to Sampling Pulse 


2 






MS 


Cl=100pF 


tHRx 


Rx Data Hold Time to Sampling Pulse 


2 






MS 


Cl=100pF 


fjx 


Transmitter Input Clock Frequency 
IX Baud Rate 
16Xand64XBaud Rate 


DC 
DC 




56 
615 


KHz 
KHz 




fRx 


Receiver Input Clock Frequency 
1 X Baud Rate 
16Xand64XBaud Rate 


DC 
DC 




56 
615 


KHz 
KHz 




tTx 


TxRDY Delay from Center of Data Bit 






16 


CLK Period 


Cl=50pF 


tRx 


RxRDY Delay from Center of Data Bit 


15 




20 


CLK Period 




tis 


Internal Syndet Delay from Center of Data Bit 


20 




25 


CLK Period 




tES 


External Syndet Set-Up Time before Falling 
Edge of RxC 






15 


CLK Period 





i 



Note: The TxC and RxC frequencies have the following limitation with respect to CLK. 
For ASYNC Mode, tjx or tRx > 4.5 tcY 
For SYNC Mode, tjx or tRx > 30 tcY 
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READ AND WRITE TIMING 



C/D.CS~ 


J 





"^"" " 




r 










D7D0 


~W~ 


-:3^ 


,^.- 


tRA^ 


"" ^ 






T. 


^ni" ^ 


f 








^VvR ^ 




r 


•WRITE 


tAW 




r Tf- 




- t~_ 


tpD-* 










^ 


h- 






•READ 




^^ 






•WRITE AND READ PULSES HAVE NO TIMING LIMITATION WITH RESPECT TO CLK. 











TRANSMITTER CLOCK AND DATA 

TxC |1x BAUD) 




RECEIVER CLOCK AND DATA 



RxD ^ 


trnw , 












T" 




% 






-J 








-J 


* 










R^(1»RAlin) \. ,, 


1 








\ 


INTERNAL 
SAMPLING 




PULSE „^»„^„., 






1$t DATA BIT 








RxD 4r 
















{-•"■ 


t.„^. 





*HRX- 


_) 


c 
















•*h 


* 





fra (16k baud, _rmAnnjifinjimmnnjinnjinjiJiJumfuuTJUUUiJinjum 

h-8 RxC PERIODS-*^- 16 RxC PERIODS H 



SAMPLING 
PULSE 



JL 



Tx RDY AND Rx RDY TIMING (ASYNC MODE) 

RxD I START BIT I DATA BITS ^^ ^ 



READ 

Tx EMPTY ' 

Tx RDY ' 



I PARITY BIT I STOP 



"JiT I START BIT r 




WRITE 

WRITE 1$t BYTE WRITE 2n d BYTE 

Tx D marking ! START bit | DATA BIT ^/^^ j PARITY BIT I STOP 
I- 1st DATA BYTE — 



^ 



"TJ 

WRITE 3rd BYTE 
BIT I START BIT F 



- 2nd DATA BYTE 



INTERNAL SYNC DETECT 



syndet 

(OUTPUT) - 



RxD I 1st BIT [ 



- SYNC CHARACTER (01101001) - 

_l 1 I — 



'- RESET BY 
SOFTWARE 
COMMAND 



EXTERNAL SYNC DETECT 



SYNDET 
(INPUT) - 



-i'- 



- 1st DATA BYTE - 
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intgl 8205 

HIGH SPEED 1 OUT OF 8 BINARY DECODER 



I/O Port or Memory Selector 

Simple Expansion — Enable Inputs 

High Speed Schottky Bipolar 
Technology — 18ns Max. Delay 

Directly Compatible with TTL Logic 
Circuits 



Low Input Load Current — .25 mA 
max., 1/6 Standard TTL Input Load 

Minimum Line Reflection — Low 
Voltage Diode Input Clamp 

Outputs Sink 10 mA min. 

16-Pin Dual-ln-Line Ceramic or 
Plastic Package 



The 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and mem- 
ory components with active low chip select input. When the 8205 is enabled, one of its eight outputs goes 
"low", thus a single row of a memory system is selected. The 3 chip enable inputs on the 8205 allow easy 
system expansion. For very large systems, 8205 decoders can be cascaded such that each decoder can drive 

eight other decoders for arbitrary memory expansions. 

® 
The Intel 8205 is packaged in a standard 16 pin dual-in-line package; and its performance is specified over 

the temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to 
obtain fast switching speeds results in higher performance than equivalent devices made with a gold diffu- 
sion process. 



PIN CONFIGURATION 




LOGIC SYMBOL 





Ao 
Ai 




Oq 








Ol 




A2 


8205 


02 
03 
04 


— 


El 




05 





E2 
E3 




06 
O7 







I 



PIN NAMES 



Aq- A2 ADDRESS INPUTS 
E^-E^ ENABLE INPUTS 



Oo- O7 DECODED OUTPUTS 



ADDRESS 


ENABLE 


OUTPUTS 


Ao 


Ai 


A2 


El 


E2 


E3 





1 


2 


3 


4 


5 


6 


7 


L 


L 




L 




H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 




L 




H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 




L 




H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 




L 




H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


L 


H 


L 




H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


H 


L 




H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


H 


H 


L 




H 


H 


H 


H 


H 


H 


H 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 



Ceramic 
Plastic 



Storage Temperature 

All Output or Supply Voltages 

All Input Voltages 

Output Currents 



-65°Cto+125°C 
-65°C to +75°C 

65° C to+160°C 

-0.5 to +7 Volts 

1.0 to +5.5 Volts 

125 mA 



*COMMENT: Stresses above those listed under '"Absolute 
Maximum Ratings'' may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS T. 



= 0°C to +75°C, Vcc = 5.0V ±5% 



8205 



SYMBOL 


PARAMETER 


LIMIT 


UNIT 


TEST CONDITIONS 


MIN. 


MAX. 


'f 


INPUT LOAD CURRENT 




-0.25 


mA 


\J^^ = 5.25V, Vp = 0.45V 


'r 


INPUT LEAKAGE CURRENT 




10 


pA 


V^^ = 5.25V. Vpj = 5.25V 


Vc 


INPUT FORWARD CLAMP VOLTAGE 




-1.0 


V 


y^^ = 4.75V, 1^ = -5.0 mA 


Vol 


OUTPUT "LOW" VOLTAGE 




0.45 


V 


V^^. = 4.75V, Iql= 10.0 mA 


VoH 


OUTPUT HIGH VOLTAGE 


2.4 




V 


Vcc = 4.75V, loH= -1.5 mA 


V.L 


INPUT "LOW" VOLTAGE 




0.85 


V 


Vcc = 50V 


V,H 


INPUT "HIGH" VOLTAGE 


2.0 




V 


Vcc = 5.0V 


'sc 


OUTPUT HIGH SHORT 
CIRCUIT CURRENT 


-40 


-120 


mA 


Vcc = 5-0V,Vou^ = 0V 


Vox 


OUTPUT "LOW" VOLTAGE 
@ HIGH CURRENT 




0.8 


V 


V^C = 5.0V, lQj^ = 40mA 


'cc 


POWER SUPPLY CURRENT 




70 


mA 


Vcc = 5.25V 



TYPICAL CHARACTERISTICS 



OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 











Ta = 75»C ^ 






<^ 










Ta = 25" C^ 


-V 




T 


Vc 


C=5 


.ov 










^ 


Ta = 


o°c 














/ 


















> 


















J 


r 


















f 












Ta 


= 75° 


C-_ 
























-.T,.O.C 










z 






1 r-' i 

-Ta = 25"C 









OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 



1 


n 


n 






(If 
















lli'^ 


5"C 






Ta = 


°c- 
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Ta = 75''C 1 






























/ 


















/ 




















f 


















J 




















/ 


















i 

















5.0 
4.0 
3.0 
2.0 
1.0 
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DATA TRANSFER FUNCTION 














1 1 
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Z^ 


^5 




Ta = 0'°C 1 
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Ta= 25°C- 




Jy 
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Ta = 75°C- 




^ 
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V. 


V 


V- 



OUTPUT "LOW" VOLTAGE (V) 



1.0 2.0 3.0 4.0 
OUTPUT "HIGH" VOLTAGE (V) 



.2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 
INPUT VOLTAGE (V) 



8-90 



8205 



8205 SWITCHING CHARACTERISTICS 



CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between IV and 2V 

Measurements are made at 1.5V 



^cc 



TEST LOAD: 



TT 



fUiiXiin 



All Transistors 2N2369 or Equivalent. C|_ = 30 pF 



TEST WAVEFORMS 



ADDRESS OR ENABLE 
INPUT PULSE 



OUTPUT 



/ 



1 



X 



A.C. CHARACTERISTICS T^ = 0°C to +75°C, Vcc = 5.0V ±5% unless otherwise specified. 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


TEST CONDITIONS 


t+ + 


ADDRESS OR ENABLE TO 
OUTPUT DELAY 


18 


ns 




t_ + 


18 


ns 




t+- 


18 


ns 




t 


18 


ns 




C <!'» 
nN 


INPUT CAPACITANCE P8205 


4(typ.) 


pF 


f = 1 MHz, Vcc = OV 




C8205 


5(typ.) 


pF 


VbiAS =2.0V.Ta = 25OC 



1. This parameter is periodically sampled and is not 100% tested. 



I 



TYPICAL CHARACTERISTICS 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 



?-> 15 



xZ 10 



?►- 



So 





i.OV 

5"C 




^'^^ 


^ 


■^^ ^ 


^-* 




— 


— — 


_iti-— --^ 













50 100 150 

LOAD CAPACITANCE (pF) 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 



.8?? 





Vcc • 


5.0V 
30 pF 




t*_.t__ 






«_♦ 1 






1 




^♦* 

















AMBIENT TEMPERATURE l°C) 
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8214 
PRIORITY INTERRUPT CONTROL UNIT 



Eight Priority Levels 
Current Status Register 
Priority Comparator 



Fully Expandable 

High Performance (50ns) 

24-Pin Dual In-Line Package 



The 821 4 is an eight level priority interrupt control unit designed to simplify interrupt driven microcomputer 
systems. 

The PICU can accept eight requesting levels; determine the highest priority, compare this priority to a soft- 
ware controlled current status register and issue an interrupt to the system along with vector information to 
identify the service routine. 

The 8214 is fully expandable by the use of open collector interrupt output and vector information. Control 
signals are also provided to simplify this function. 

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count 
in interrupt driven microcomputer systems. 



PIN CONFIGURATION 




PIN NAMES 



INPUTS 




R^ 


REQUEST LEVELS (R7 HIGHEST PRIORITY) 


Bo-Bj 


CURRENT STATUS 


SGS 


STATUS GROUP SELECT 


ECS 


ENABLE CURRENT STATUS 


INTE 


INTERRUPT ENABLE 


CLK 


CLOCK (INT FF) 


ELR 


ENABLE LEVEL READ 


ETLG 


ENABLE THIS LEVEL GROUP 


OUTPUTS 




^^7 


REQUEST LEVELS "1 OPEN 


INT 


INTERRUPT {ACT. LOW) _| COLLECTOR 


ENLG 


ENABLE NEXT LEVEL GROUP 



LOGIC DIAGRAM 



[TT> ELR 
Q3>ETLG 




[T> INTE 
[?> CLK 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 100 mA 

•COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi- 
cations is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 



Ta = 0°C to +70°C, Vcc = 5V ±5%. 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.m 


Max. 


vc 


Input Clamp Voltage (all inputs) 






-1.0 


V 


lc=-5mA 


If 


Input Forward Current: ETLG input 

ail other inputs 




-.15 
-.08 


-0.5 
-0.25 


mA 
mA 


Vf=0.45V 


Ir 


Input Reverse Current: ETLG input 

all other inputs 






80 
40 


MA 

ma 


Vr=5.25V 


V|L 


Input LOW Voltage: all inputs 






0.8 


V 


Vcc=5.0V 


V|H 


Input HIGH Voltage: all inputs 


2.0 






V 


Vcc=5.0V 


Ice 


Power Supply Current 




90 


130 


mA 


See Note 2. 


Vol 


Output LOW Voltage: all outputs 




.3 


.45 


V 


IOL=15mA 


VOH 


Output HIGH Voltage: ENLG output 


2.4 


3.0 




V 


loH=-lmA 


los 


Short Circuit Output Current: ENLG output 


-20 


-35 


-55 


mA 


Vos=0V,Vcc=5.0V 


ICEX 


Output Leakage Current: INT and A^-A2 






100 


MA 


VcEX=5.25V 



NOTES: 

1 . Typical values are for T^ = 25° C, Vcc ~ 5.0V. 

2. Bq-B2, SGS, CLK, R0-R4 grounded, all other inputs and all outputs open. 



I 
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A.C. CHARACTERISTICS AND WAVEFORMS Ta = 0°C to +70°C,Vcc = 


+5V ±5% 










Parameter 


Limits 




Symbol 


Min. 


Typ.fl] 


Max. 


Unit 


tCY 


CLK Cycle Time 


80 


50 




ns 


tpw 


CLK, ECS, INT Pulse Width 


25 


15 




ns 


t|SS 


INTE Setup Time to CLK 


16 


12 




ns 


t|SH 


INTE Hold Time after CLK 


20 


10 




ns 


tETCsf2] 


ETLG Setup Time to CLK 


25 


12 




ns 


tEtCHt2) 


ETLG Hold Time After CLK 


20 


10 




ns 


tECCS^2] 


ECS Setup Time to CLK 


80 


50 




ns 


tECCHt3] 


ECS Hold Time After CLK 









ns 


tECRsf^J 


ECS Setup Time to CLK 


110 


70 




ns 


tECRHf3) 


ECS Hold Time After CLK 











tECSsf2^ 


ECS Setup Time to CLK 


75 


70 




ns 


tECSHf2] 


ECS Hold Time After CLK 









ns 


tDCst2J 


SGS and B0-B2 Setup Time to CLK 


70 


50 




ns 


tDCH[2] 


SGS and B0-B2 Hold Time After CLK 









ns 


tRCS^3] 


Rq-R? Setup Time to CLK 


90 


55 




ns 


tRCH^^J 


R0-R7 Hold Time After CLK 









ns 


t|CS 


INT Setup Time to CLK 


55 


35 




ns 


tci 


CLK to INT Propagation Delay 




15 


25 


ns 


tRIst^J 


R0-R7 Setup Time to INT 


10 







ns 


tRIHf^J 


R0-R7 Hold Time After INT 


35 


20 




ns 


tRA 


Rq-R? to A0-A2 Propagation Delay 




80 


100 


ns 


tELA 


ELR to A0-A2 Propagation Delay 




40 


55 


ns 


tECA 


ECS to A0-A2 Propagation Delay 




100 


120 


ns 


tETA 


ETLG to Ao-A2 Propagation Delay 




35 


70 


ns 


tDECst^^ 


SGS and B0-B2 Setup Time to ECS 


15 


10 




ns 


tDECHt^^ 


SGS and B0-B2 Hold Time After ECS 


15 


10 




ns 


tREN 


R0-R7 to ENLG Propagation Delay 




45 


70 


ns 


tETEN 


ETLG to ENLG Propagation Delay 




20 


25 


ns 


tECRN 


ECS to ENLG Propagation Delay 




85 


90 


ns 


tECSN 


ECS to ENLG Propagation Delay 




35 


55 


ns 



CAPACITANCE [5] 





Parameter 


Limits 




Symbol 


Min. 


Typ.m 


Max 


Unit 


C|N 


Input Capacitance 




5 


10 


pF 


CoUT 


Output Capacitance 




7 


12 


pF 



TEST CONDITIONS: VgiAS = 2.5V, Vqc = 5V, Ta = 25°C, f = 1 MHz 
NOTE 5. This parameter is periodically sampled and not 100% tested. 
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WAVEFORMS 
























R0R7 )( 


> 


._ X 






ETLG 


»RCS 


'RCH 1 tRis 


'RIH 












1 










>L 


-^ 








INTE 




<ETCS 


■ — t 


ETCH 









X ) 








( 












'ISS 






f 


ISH 






") 




«DCS 










SGS.B^-B^ \ 










X X 






<DECS 


»DECH 










-^DCH 


1 »ECSS 


*ECSH J 




JI 








< 






i 


■ "L 




-A_J^ 




> 




/ 


Jr- 






»PW 






'ECRS 




1 ,. 


CRH 
CCH 


k:Y 






*ECCS ^ 


~^tp 






CLK 








*ECRN 




'ICS 


{ 














INT 
ELR 


..... 





........ 


)( y 




[ ^ 


«PW J 












( . 








«ECA 


♦ra 




C" 




«ELA 










■^ 






VAj~ 


«ECSN 


.— .. 


*ETEN 




"*■"""* 


-^L^ 














-= r 






ENLG 














D 


c: 













NOTES 
(1) 



Typical values are for T^ = 25°C ,Vcc = 5-OV. 
^^' Required for proper operation if ISE is enabled during next clock pulse. 



(3) 



These times are not required for proper operation but for desired change in interrupt flip-flop. 



^'*' Required for new request or status to be properly loaded. 



TEST CONDITIONS: 

Input pulse amplitude: 2.5 volts. 

Input rise and fall times: 5 ns between 1 and 2 volts. 

Output loading of 15 mA and 30 pf. 

Speed measurements taken at the 1.5\/ levels. 



TEST LOAD CIRCUIT 
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8216/8226 
4 BIT PARALLEL BIDIRECTIONAL BUS DRIVER 



Data Bus Buffer Driver for 8080 CPU 

Low Input Load Current — .25 mA 
Maximum 

High Output Drive Capability for 
Driving System Data Bus 



■ 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 

■ Three State Outputs 

■ Reduces System Package Count 



The 8216/8226 is a 4-bit bi-directional bus driver/receiver. 

All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.65V Vqh/ and for high capaci- 
tance terminated bus structures, the DB outputs provide a high 50mA Iql capability. 

A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applications for buffering in micro- 
computer systems. 



PIN CONFIGURATION 



csL 

DOof 



D'l d 

gnd[ 



mvcc 

I dTen d'o 0- 

I DO, 



^ 8216/ ^2 
5 8226 12 



PIN NAMES 



DB0DB3 


DATA BUS 
BIDIRECTIONAL 


DI0DI3 


DATA INPUT 


DO0-DO3 


DATA OUTPUT 


DIEN 


DATA IN ENABLE 
DIRECTION CONTROL 


CS 


CHIP SELECT 



DOoO- 



Zl DI3 
HI DO2 
Zl DB2 
ZJ DI2 DI2 o- 



DO, o- 



DI3 O- 



DO3O- 



LOGIC DIAGRAM 
8216 



^'■ 



o 



-O DBq 



-O DBi 



-O DBj 



-O DB3 



DIoO- 



DOqO- 



DI2 O- 



DI3 o- 



DO3O- 



LOGIC DIAGRAM 
8226 



^ 



::^ 



^ 



^ 



^■. 



■^ 



^^- 



:=i^ 



\lA 



-O DBq 



-O DB3 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 125 mA 

•COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi- 
cation is not implied. 



Ta = 0°C to +70°C,Vcc=+5V±5% 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Conditions 


Ifi 


Input Load Current DIEN, CS 




-0.15 


-.5 


mA 


Vf=0.45 


If2 


Input Load Current All Other Inputs 




-0.08 


-.25 


mA 


Vf=0.45 


Iri 


Input Leakage Current DIEN, CS 






20 


MA 


Vr= 5.25V 


Ir2 


Input Leakage Current Dl Inputs 






10 


ma 


Vr= 5.25V 


Vc 


Input Forward Voltage Clamp 






-1 


V 


Ic = -5mA 


V,L 


Input "Low" Voltage 






.95 


V 




V|H 


Input "High" Voltage 


2.0 






V 




Hol 


Output Leakage Current DO 
(3-State) DB 






20 
100 


ma 


Vo = 0.45V/5.25V 




8216 




95 


130 


mA 




•cc 


Power Supply Current 

8226 




85 


120 


mA 




VOLI 


Output "Low" Voltage 




0.3 


.45 


V 


DO Outputs loL=15mA 
DB Outputs loL=25mA 


V0L2 


8216 




0.5 


.6 


V 


DB Outputs loL=55mA 


8226 




0.5 


.6 


V 


DB Outputs loL=50mA 


Vqhi 


Output "High" Voltage 


3.65 


4.0 




V 


DO Outputs loH = -''nnA 


V0H2 


Output "High" Voltage 


2.4 


3.0 




V 


DB Outputs loH = -10mA 


los 


Output Short Circuit Current 


-15 
-30 


-35 
-75 


-65 
-120 


mA 
mA 


DO Outputs Vo = OV, 
DB Outputs Vcc=5.0V 



NOTE: Typical values are for Ta = 25° C, Vcc = 5.0V. 
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WAVEFORMS 



X 



OUTPUT 
ENABLE 



)( 



-• tp 



^ 



X 



— -V ^M- 




A.C. CHARACTERISTICS 

Ta = 0°C to +70°C, Vcc = +5V ±5% 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.M] 


Max. 


Conditions 


TpDI 


Input to Output Delay DO Outputs 




15 


25 


ns 


Cl=30pF,R 1=30012 
R2=600J2 


TPD2 


Input to Output Delay DB Outputs 
8216 




20 


30 


ns 


Cl=300pF, Ri=90^ 




8226 




16 


25 


ns 


R2 = 180^ 


Te 


Output Enable Time 

8216 




45 


65 


ns 


(Note 2) 


, 


8226 




35 


54 


ns 


(Note 3) 


Td 


Output Disable Time 




20 


35 


ns 


(Note 4) 



TEST CONDITIONS: 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 



TEST LOAD CIRCUIT 



Capacitance ^^^ 






Parameter 


Limits 




Symbol 


Min. 


Typ.M] 


Max. 


Unit 


C|N 


Input Capacitance 




4 


8 


pF 


CoUTI 


Output Capacitance 




6 


10 


pF 


CoUT2 


Output Capacitance 




13 


18 


pF 



TEST CONDITIONS: Vbias = 2.5V, Vqc = 5.0V, Ta = 25°C, f = 1 MHz. 

NOTES: 1. Typical values are for Ta = 25*' C, Vqc = 5.0V. 

2. DO Outputs, Cl = 30pF, Ri = 300/10 Kn, R2 = 180/1 KH; DB Outputs, Cl = SOOpF, R-] = 90/10 KO, R2 = 180/1 Kn. 

3. DO Outputs, Cl = 30pF, R^ = 300/10 KH, R2 = 600/1 K; DB Outputs, Cl = 300pF, Ri = 90/10 Kfi, R2 = 180/1 KH. 

4. DO Outputs, Cl = 5pF, Ri = 300/10 K^, R2 = 600/1 Kft; DB Outputs, Cl = 5pF, Ri = 90/10 KH, R2 = 180/1 KH. 

5. This parameter is periodically sampled and not 100% tested. 
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NEW MCS-80 PERIPHERALS 



8253 
8257 
8259 



STSTB CLOCK 8224 

GENERATOR 
AMD DRIVER 



TIX 



SYNC <P2 ^1 RESET HOLD 

IMT 
RDY 8080A CPU 

WR D0'D7 OBIN HLDA AO-AIS 



El 

-r-z^L '" Y : v,":t,:„:\ 



SYSTEM 
CONTROLLER 



s 



||8212 ADDRESS \ 

1 1 a2flc BUFFERS/ I 

1 ^^°^ DECODER 1 

1|^S216 (OPTIONAL} J 



I 



8212 
8251 
82S& 



8102A 

8101 

8111 



S316A 
8702A 



tnnr ttti 



TT 
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8253 
PROGRAMMABLE INTERVAL TIMER 



■ 3 Independent 16-Bit 
Counters 

-DC to 3 MHz 

■ Programmable Counter 
Modes 



" Count Binary or BCD 

■ Single +5V Supply 

" 24 Pin Duai-in-iine Package 



The 8253 is a programmable counter/timer chip designed for use as an 8080 (or 8008) peripheral. It uses nMOS technology 
with a single +5V supply and is packaged in a 24-pin plastic DIP. 

It is organized as three independent 16-bit counters, each with a count rate from OHz to 3MHz. All modes of operation are 
software programmable by the 8080. 



BLOCK DIAGRAM 



"70.0: 



RD - 
WR - 

Ao- 
Ai- 






DATA 

BUS 

BUFFER 



A— N /" — \ 



READ/ 
WRITE 
LOGIC 



CONTROL 

WORD 

REGISTER 

AND 

MODE 

SELECTION 



A- 

V 



o 



INTERNAL BUS ' 



COUNTER 

#1 



O' 



- CLKO 

- GATE 



CLK1 
GATE 1 
►OUT! 



■ CLK2 
- GATE 2 
►OUT 2 
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8253 PRELIMINARY 
FUNCTIONAL DESCRIPTION 

In Microcomputer-based systems the most common inter- 
face is to a mechanical device such as a printer head or step- 
per motor. All such devices have inherent delays that must 
be accounted for if accurate and reliable performance is to 
be achieved. The systems software allows for such delays by 
programmed timing loops. This type of programming re- 
quires significant overhead and maintenance of multiple 
loops gets extremely complicated. 

The 8253 Programmable Interval Timer is a single chip so- 
lution to system timing problems. In essence, it is a group of 
three 16-bit counters that are independent in nature but 
driven commonly as I/O peripheral ports. Instead of setting 
up timing loops in the system software, the programmer 
configures the 8253 to match his requirements. The pro- 
grammer initializes one of the three counters of the 8253 
with the quantity and mode desired then, upon command, 
the 8253 will count out the delay and interrupt the micro- 
computer when it has finished its task. It is easy to see that 
the software overhead is minimal and that multiple delays 
can be easily maintained by assigned interrupt levels to dif- 
ferent counters. Other functions that are non-delay in nature 
and require counters can also be implemented with the 8253. 

• Programmable Baud Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 



°v°o<)ii::^ 



RD - 
WRf - 



READ/ 
WRITE 
LOGIC 





INTERNAL BUS 



/ 



o 



COUNTER 

#2 















CLK2 
GATE 2 



8253 Block Diagram. 



System Interface 

The 8253 is a component of the MCS-80 system and inter- 
faces in the same manner as all other peripherals of the 
family. It is treated by the systems software as an array of 
I/O ports; three are counters and the fourth is a control 
register for programming. The OUT lines of each counter 
would normally be tied to the interrupt request inputs of 
the 8259. 

The 8253 represents a significant improvement for solving 
one of the most common problems in system design and 
reducing software overhead. 
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8257 

PROGRAMMABLE DMA CONTROLLER 



Four Channel DMA Controller 

Priority DMA Request Logic 

Channel Inhibit Logic 

Terminal and Modulo 256/128 
Outputs 



■ Auto Load Mode 

■ Single TTL Clock (02/TTL) 

■ Single +5V Supply 
" Expandable 

" 40 Pin Dual-in-Line Package 



The 8257 is a Direct Memory Access (DMA) Chip which has four channels for use in 8080 microcomputer systems. Its pri- 
mary function is to generate, upon a peripheral request, a sequential memory address which will allow the peripheral to ac- 
cess or deposit data directly from or to memory. It uses the Hold feature of the 8080 to acquire the system bus. It also keeps 
count of the number of DMA cycles for each channel and notifies the peripheral when a programmable terminal count has 
been reached. Other features that it has are two mode priority logic to resolve the request among the four channels, program- 
mable channel inhibit logic, an early write pulse option, a modulo 256/128 Mark output for sectored data transfers, an auto- 
matic load mode, a terminal count status register, and control signal timing generation during DMA cycles. There are three 
types of DMA cycles: Read DMA Cycle, Write DMA Cycle and Verify DMA Cycle. 

The 8257 is a 40-pin, N-channel MOS chip which uses a single +5V supply and the 02 (TTL) clock of the 8080 system. It is 
designed to work in conjunction with a single 8212 8-bit, three-state latch chip. Multiple DMA chips can be used to expand 
the number of channels with the aid of the 8214 Priority Interrupt Chip. 
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8257 PRELIMINARY FUNCTIONAL DESCRIPTION 

The transfer of data between a mass storage device such as 
a floppy disk or mag cassette and system RAM memory is 
often limited by the speed of the microprocessor. Removing 
the processor during such a transfer and letting an auxiliary 
device manage the transfer in a more efficient manner would 
greatly improve the speed and make mass storage devices 
more attractive, even to the small system designer. 

The transfer technique is called DMA (Direct Memory Ac- 
cess); in essence the CPU is idled so that it no longer has 
control of the system bus and a DMA controller takes over 
to manage the transfer. 

The 8257 Programmable DMA Controller is a single chip, 
four channel device that can efficiently manage DMA activ- 
ities. Each channel is assigned a priority level so that if 
multi-DMA activities are required each mass storage device 
can be serviced, based on its importance in the system. In 



operation, a request is made from a peripheral device for 
access to the system bus. After its priority is accepted a 
HOLD command is ussued to the CPU, the CPU issues 
a HLDA and that DMA channel has complete control of the 
system bus. Transfers can be made in blocks, suspending 
the processors operation during the entire transfer or, the 
transfer can be made a few bytes at a time, hidden in the 
execution states of each instruction cycle, (cycle-stealing). 

The modes and priority resolving are maintained by the 
system software as wejl as initializing each channel as to the 
starting address and length of transfer. 

The system interface is similar to the other peripherals of 
the MCS-80 but an additional 8212 is necessary to contr ol 
the entire address bus. A special control signal BUSEN is 
connected directly to the 8228 so that the data bus and 
control bus will be released at the proper time. 
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PROGRAMMABLE INTERRUPT CONTROLLER 



' Eight Level Priority Controller 

■ Expandable to 64 Levels 

" Programmable Interrupt 
Modes (Algorithms) 



■ Individual Request Mask 
Capability 

- Single +5V Supply 
(No Clocks) 

■ 28 Pin Dual-in-Line Package 



The 8259 handles up to eight vectored priority interrupts for the 8080A CPU. It is cascadable for up to 64 vectored priority 
interrupts, without additional circuitry. It will be packaged in a 28-pin plastic DIP, uses nMOS technology and requires a 
single +5V supply. Circuitry is static, requiring no clock input. 

The 8259 is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has several 
modes, permitting optimization for a variety of system requirements. 
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8259 PRELIMINARY 
FUNCTIONAL DESCRIPTION 

In microcomputer systems, the rate at which a peripheral 
device or devices can be serviced determines the total amount 
of system tasks that can be assigned to the control of the 
microprocessor. The higher the throughput the more jobs 
the microcomputer can do and the more cost effective it be- 
comes. Interrupts have long been accepted as a key to im- 
proving system throughput by servicing a peripheral device 
only when the device has requested it to do so. Efficient 
managing of the interrupt requests to the CPU will have a 
significant effect on the overall cost effectiveness of the 
microcomputer system. 

The 8259 Programmable Interrupt Controller is a single-chip 
device that can manage eight levels of requests and has built- 
in features for expandability to other 8259s (up to 64 levels). 
It is programmed by the systems software as an I/O periphe- 
ral. A selection of priority algorithms is available to the pro- 
grammer so that the manner in which the requests are pro- 
cessed by the 8259 can be configured to match his system 
requirements. The priority assignments and algorithms can 
be changed or reconfigured dynamically at any time during 
the main program. This means that the complete interrupt 
structure can be defined as required, based on the total sys- 
tem environment. 

The system interface is the same as other peripheral devices 
in the MCS-80. A special input is provided (SP) to program 
the 8259 as a slave or master device when expanding to 
more than eight levels. Basically the master accepts INT in- 
puts from the slaves and issues a composite request to the 
8080A; when it receives the INTA from the 8228 it puts 
the first byte on the CALL on the bus. On subsequent 
INTAs the interrupting slave puts out the address of the 
vector. 
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8080 
SYSTEM DESIGN KIT (SDK-BO) 

The 8080 System Design Kit (SDK-80) is a complete, single board, microcomputer system in kit form. It contains all neces- 
sary components, including resistors, caps, crystal and miscellaneous hardware to complete construction, included Is a pre- 
programmed ROM that contains the system monitor for general software utilities and system diagnostics. See page 10-29 
for the full details. 
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SERIES 3000 BIPOLAR 
MICROCOMPUTER SYSTEM 




SERIES 3000 
BIPOLAR MICROCOMPUTER SYSTEM 



TYPE 


DESCRIPTION 


PAGE NO. 


3001 


Microprogram Control Unit 


9-3 


M3001 


Microprogram Control Unit, Mil Temp 


9-10 


3002 


Central Processing Element 


9-13 


M3002 


Central Processing Element, Mil Temp 


9-18 


3003 


Look-Ahead Carry Generator 


9-21 


M3003 


Look-Ahead Carry Generator, Mil Temp 


9-24 


3212 


Multi-Mode Latch Buffer 
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M3212 


Multi-Mode Latch Buffer, Mil Temp 


9-31 


3214 


Interrupt Control Unit 


9-34 


M3214 


Interrupt Control Unit, Mil Temp 
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3216/3226 


Parallel Bi-Oirectional Bus Driver 


9-44 


M3216/M3226 


Parallel Bi-Directional Bus Driver, Mil Temp 


9-47 



Since Its introduction, the Series 3000 family of computing elements has found 
acceptance In a wide range of high performance applications from disk controllers 
to airborne central processors. The Series 3000 offers the flexibility, performance, 
and system integration necessary for an effective system solution for both high 
speed controllers and central processors. 

The unique multiple bus structure of the 3002 Central Processing Element (CPE) 
eliminates the need for input data multiplexers or output latches. It also allows the 
designer to tailor the CPE's to suit his particular processing requirements. The 3001 
Microprogram Control Unit (MCU) addresses up to 512 words of microprogram 
memory and controls both conditional and unconditional jumps within micro- 
program memory. 

The entire component family has been designed to interconnect directly, minimiz- 
ing the need for ancillary circuitry. It is available in commercial and military tem- 
perature range versions. In addition to the components, Intel has also developed a 
comprehensive support system to assist the user in writing microprograms, 
debugging hardware and microcode, and programming PROMs for both prototype 
and production systems. 

Thus, with a complete family of components and a powerful development system, 
Intel provides a Total System Solution, from development to production. 
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intgl 3001 

MICROPROGRAM CONTROL UNIT 



The INTEL® 3001 Microprogram Con- 
trol Unit (MCU) controls the sequence in 
which microinstructions are fetched 
from the microprogram memory. Its 
functions include the following: 

Maintenance of the microprogram 
address register. 

Selection of the next microinstruction 
based on the contents of the micro- 
program address register. 

Decoding and testing of data supplied 
via several input busses to determine 
the microinstruction execution 
sequence. 

Saving and testing of carry output data 
from the central processor (CP) array. 

Control of carry/shift input data to 
the CP array. 

Control of microprogram interrupts. 



High Performance — 85 ns Cycle 
Time 

TTL and DTL Compatible 

Fully Buffered Three-State and Open 

Collector Outputs 

Direct Addressing of Standard Bipolar 

PROM or ROM 

512 Microinstruction Addressability 

Advanced Organization 

9-Bit Microprogram Address Register 

and Bus 

4-Bit Program Latch 

Two Flag Registers 
Eleven Address Control Functions 

Three Jump and Test Latch 

Functions 

16-way Jump and Test Instruction 

Bus Function 
Eight Flag Control Functions 

Four Flag Input Functions 

Four Flag Output Functions 
40 Pin DIP 



PACKAGE CONFIGURATION 
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Ff|ur« 1, Slo«k Dituram of s Typical System 
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PIN DESCRIPTION 



PIN 



SYMBOL 



NAME AND FUNCTION 



TYPE 



(1) 



1-4 



5,6,8,10 



7,9,11 



12,13,15, 
16 



14 



17 



18 



19 
20 

21-24 
37-39 

25 

26-29 
30-34 
35 



36 



PX4-PX7 
SX0-SX3 

PR0-PR2 

FC0-FC3 
FO 

Fl 

ISE 



CLK 
GND 
ACo-ACe 

EN 

MA0-MA3 
MA4-MA8 
ERA 



LD 



40 



VCC 



+5 Volt Supply 



active LOW 
three-state 



active LOW 



Primary Instruction Bus Inputs active LOW 

Data on the primary instruction bus is tested by the JPX function to 
determine the next microprogram address. 

Secondary Instruction Bus Inputs active LOW 

Data on the secondary instruction bus is synchronously loaded into the 
PR-latch while the data on the PX-bus is being tested (JPX). During a 
subsequent cycle, the contents of the PR-latch may be tested by the 
JPR, JLL, or JRL functions to determine the next microprogram address. 

PR-Latch Outputs open collector 

The PR-latch outputs are asynchronously enabled by the JCE function. 
They can be used to modify microinstructions at the outputs of the 
microprogram memory or to provide additional control lines. 

Flag Logic Control Inputs 

The flag logic control inputs are used to cross-switch the flags (C and Z) 

with the flag logic input (Fl) and the flag logic output (FO). 

Flag Logic Output 

The outputs of the flags (C and Z) are multiplexed internally to form the 
common flag logic output. The output may also be forced to a logical 
or logical 1. 

Flag Logic Input 

The flag logic input is demultiplexed internally and applied to the inputs 
of the flags (C and Z). Note: the flag input data is saved in the F-latch 
when the clock input (CLK) is low. 

Interrupt Strobe Enable Output 

The interrupt strobe enable output goes to logical 1 when one of the JZR 
functions are selected (see Functional Description, page 6). It can be used 
to provide the strobe signal required by the INTEL 3214 Priority Interrupt 
Control Unit or other interrupt circuits. 

Clock Input 

Ground 

Next Address Control Function Inputs 

All jump functions are selected by these control lines. 

Enable Input 

When in the HIGH state, the enable input enables the microprogram 

address, PR-latch and flag outputs. 

Microprogram Column Address Outputs three-state 

Microprogram Row Address Outputs three-state 

Enable Row Address Input 

When in the LOW state, the enable row address input independently 
disables the microprogram row address outputs. It can be used with the 
INTEL 3214 Priority Interrupt Control Unit or other interrupt circuits 
to facilitate the implementation of priority interrupt systems. 

Microprogram Address Load Input 

When in the active HIGH state, the microprogram address load input 
inhibits all jump functions and synchronously loads the data on the 
instruction busses into the microprogram register. However, it does not 
inhibit the operation of the PR-latch or the generation of the interrupt 
strobe enable. 



NOTE: 

(1) Active HIGH unless otherwise specified. 
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3001 



The MCU performs two major control 
functions. First, it controls the sequence 
in which microinstructions are fetched 
from the microprogram memory. For 
this purpose, the MCU contains a micro- 
program address register and the 
associated logic for selecting the next 
microinstruction address. The second 
function of the MCU is the control of 
the two flag flip-flops that are included 
for interaction with the carry input and 
carry output logic of the CP array. 
The logical organization of the MCU 
is shown in Figure 2. 

NEXT ADDRESS LOGIC 

The next address logic of the MCU pro- 
vides a set of conditional and uncondi- 
tional address control functions. These 
address control functions are used to 
Implement a jump or jump/test opera- 
tion as part of every microinstruction. 
That is to say, each microinstruction 
typically contains a jump operation field 
that specifies the address control 
function, and hence, the next micro- 
program address. 



In order to minimize the pin count of 
the MCU, and reduce the complexity of 
the next address logic, the microprogram 
address space is organized as a two 
dimensional array or matrix. Each 
microprogram address corresponds to 
a unit of the matrix at a particular 
row and column location. Thus, the 9- 
bit microprogram address is treated as 
specifying not one, but two addresses — 
the row address in the ^pper five bits 
and the column address in the lower 
four bits. The address matrix can there- 
fore contain, at most, 32 row addresses 
and 16 column addresses for a total of 
512 microinstructions. 

The next address logic of the MCU 
makes extensive use of this two com- 
ponent addressing scheme. For example, 
from a particular row or column 
address, it is possible to jump uncon- 
ditionally in one operation anywhere in 
that row or column. It is not possible, 
however, to jump anywhere in the 
address matrix. In fact, for a given loca- 
tion in the matrix, there is a fixed sub- 
set of microprogram addresses that may 
be selected as the next address. These 



possible jump target addresses are referred 
to as a jump set. Each type of MCU 
address control (jump) function has a 
jump set associated with it. Appendix 
C illustrates the jump set for each 
function. 

FLAG LOGIC 

The flag logic of the MCU provides a 
set of functions for saving the current 
value of the carry output of the CP 
array and for controlling the value of 
the carry input to the CP array. These 
two distinct flag control functions are 
called flag input functions and flag 
output functions. 

The flag logic is comprised of two 
flip-flops, designated the C-flag and the 
Z-flag, along with a simple latch, called 
the F-latch, that indicates the current 
state of the carry output line of the 
CP array. The flag logic is used in con- 
junction with the. carry and shift logic 
of the CP array to implement a variety 
of shift/rotate and arithmetic functions. 
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ADDRESS CONTROL FUNCTIONS 

The address control functions of the 
MCU are selected by the seven input 
lines designated ACq-ACs. On the 
rising edge of the clock, the 9-bit micro- 
program address generated by the next 
address logic is loaded into the micro- 
program address register. The next 
microprogram address is delivered to the 
microprogram memory via the nine 
output lines designated MAq-MAs- The 
microprogram address outputs are or- 
ganized into row and column addresses 
as: 

MAs MA7 MAe MA5 MA4 

row address 

MA3 MA2 MAi MAo 
column address 

Each address control function is speci- 
fied by a unique encoding of the data on 
the function input lines. From three to 
five bits of the data specify the par- 
ticular function while the remaining bits 
are used to select part of either the row 
or column address desired. Function 
code formats are given in Appendix A, 
"Address Control Function Summary." 

The following is a detailed description 
of each of the eleven address control 
functions. The symbols shown below 
are used throughout the description to 
specify row and column addresses. 

Symbol Meaning 

rowp 5-bit next row address 

where n is the decimal row 
address. 

colp 4-bit next column address 

where n is the decimal 
column address. 

UNCONDITIONAL ADDRESS CON- 
TROL (JUMP) FUNCTIONS 

The jump functions use the current 
microprogram address (i.e., the contents 
of the microprogram address register 
prior to the rising edge of the clock) and 
several bits from the address control in- 
puts to generate the next microprogram 
address. 

Mnemonic Function Description 

JCC Jump in current column. 

AC0-AC4 are used to 
select 1 of 32 row ad- 
dresses in the current 
column, specified by 



MA0-MA3, as the next 
address 

JZR Jump to zero row. 

AC0-AC3 are used to 
select 1 of 16 column 
addresses in rowQ, as the 
next address. 

JCR Jump in current row. 

AC0-AC3 are used to 
select 1 of 16 addresses 
in the current row, speci- 
fied by MA4-MA8, as 
the next address. 

JCE Jump in current column/ 

row group and enable 
PR-latch outputs. ACq- 
AC2 are used to select 1 
of 8 row addresses in the 
current row group, speci- 
fied by MA7-MA8, as 
the next row address. The 
current column is speci- 
fied by MAq-M A3. The 
PR-latch outputs are 
asynchronously enabled. 

FLAG CONDITIONAL ADDRESS 
CONTROL (JUMP/TEST) 
FUNCTIONS 

The jump/test flag functions use the 
current microprogram address, the con- 
tents of the selected flag or latch, and 
several bits from the address control 
function to generate the next micro- 
program address. 

Mnemonic Function Description 

JFL Jump/test F-Latch. 

AC0-AC3 are used to 
select 1 of 16 row ad- 
dresses in the current 
row group, specified by 
MAs, as the next row 
address. If the current 
column group, specified 
by MA3, iscolo-col7, 
the F-latch is used to 
select C0I2 or C0I3 as the 
next column address. If 
MA3 specifies column 
group colg-col 15, the 
F-latch is used to select 
col 10 or colli as the 
next column address. 

JCF Jump/test C-flag. 

AC0-AC2 are used to 
select 1 of 8 row ad- 
dresses in the current 



row group, specified by 
MA7 and MAs, 3S the 
next row address. If the 
current column group 
specified by MA3 is 
C0I0-C0I7, the C-flag is 
used to select C0I2 or 
C0I3 as the next column 
address. If MA3 specifies 
column group cols-colis, 
the C-flag is used to select 
colio or C0I1 1 as the next 
column address. 

JZF Jump/test Z-f lag. Identical 

to the JCF function de- 
scribed above, except 
that the Z-flag, rather 
than the C-flag, is used to 
select the next column 
address. 

PX-BUS AND PR-LATCH CONDI- 
TIONAL ADDRESS CONTROL 
(JUMP/TEST) FUNCTIONS 

The PX-bus jump/test function uses the 
data on the primary instruction bus 
(PX4-PX7), the current mircoprogram 
address, and several selection bits from 
the address control function to generate 
the next microprogram address. The 
PR-latch jump/test functions use the 
data held in the PR-latch, the current 
microprogram address, and several selec- 
tion bits from the address control 
function to generate the next micro- 
program address. 

Mnemonic Function Description 

JPR Jump/test PR-latch. 

AC0-AC2 are used to 
select 1 of 8 row ad- 
dresses in the current 
row group, specified by 
MA7 and MAs, 3S the 
next row address. The 
four PR-latch bits are 
used to select 1 of 16 
possible column ad- 
dresses as the next 
column address. 

Mnemonic Function Description 

JLL Jump/test leftmost PR- 

latch bits. AC0-AC2 are 
used to select 1 of 8 row 
addresses in the current 
row group, specified by 
MA7 and MAs, ^s the 
next row address. PR2 
and PR3 are used to 
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select 1 of 4 possible 
column addresses in C0I4 
through C0I7 as the next 
column address. 

JRL Jump/test rightmost PR- 

latch bits. ACq and AC-j 
are used to select 1 of 4 " 
high-order row addresses 
in the current row group, 
specified by MA7 and 
MAg, as the next row 
address. PRq and PRi are 
used to select 1 of 4 pos- 
sible column addresses in 
col 12 through col 15 as the 
next column address. 

JPX Jump/test PX-bus and 

load PR-latch. ACq and 
ACi are used to select 1 
of 4 row addresses in the 
current row group, speci- 
fied by MAg-MAs, as the 
next row address. PX4- 
PX7 are used to select 1 
of 16 possible column 
addresses as the next 
column address. SXq- 
SX3 data is locked in the 
PR-latch at the rising 
edge of the clock. 



FLAG CONTROL FUNCTIONS 

The flag control functions of the MCU 
are selected by the four input lines 
designated FC0-FC3. Function code 
formats are given in Appendix B, "Flag 
Control Function Summary." 

The following Is a detailed description 
of each of the eight flag control 
functions. 

FLAG INPUT CONTROL FUNCTIONS 

The flag input control functions select 
which flag or flags will be set to the cur- 
rent value of the flag input (Fl) line. 
Data on Fl is stored in the F-latch when 
the clock is low. The content of the F- 
latch is loaded into the C and/or Z flag 
on the rising edge of the clock. 



Mnemonic 
SCZ 



STZ 



STC 



HCZ 



Function Description 

Set C-flag and Z-flag to 
Fl. The C-flag and the Z- 
flag are both set to the 
value of Fl. 

Set Z-flag to Fl. The Z- 
flag is set to the value of 
Fl. The C-flag is 
unaffected. 

Set C-flag to Fl. The C- 
flag is set to the value of 
Fl. The Z flag is 
unaffected. 

Hold C-flag and Z-flag. 
The values In the C-flag 
and Z-flag are unaffected. 



FLAG OUTPUT CONTROL 
FUNCTIONS 

The flag output control functions 
select the value to which the flag out- 
put (FO) line will be forced. 

Mnemonic Function Description 

FFO Force FO to 0. FO is 

forced to the value of 
logical 0. 

FFC Force FO to C. FO is 

forced to the value of 
the C-flag. 

FFZ Force FO to Z. FO is 

forced to the value of 
the Z-flag. 

FF1 Force FOto 1. FO is 

forced to the value of 
logical 1. 



LOAD AND INTERRUPT 
STROBE FUNCTIONS 

The load function of the MCU is con- 
trolled by the input line designated LD. 
If the LD line is active HIGH at the 
rising edge of the clock, the data on 
the primary and secondary instruction 
busses, PX4-PX7 and SX0-SX3, is 
loaded into the microprogram address 
register. PX4-PX7 are loaded into 
MA0-MA3 and SX0-SX3 are loaded 
into MA4-MA7. The high-order bit of 
the microprogram address register MAs 
is set to a logical 0. The bits from the 
primary instruction bus select 1 of 16 
possible column addresses. Likewise, 
the bits from the secondary instruction 
bus select 1 of the first 16 row addresses. 

The interrupt strobe enable of the MCU 
is available on the output line designated 
ISE. The line is placed in the active high 
state whenever a JZR to C0I15 is selected 
as the address control function. Cus- 
tomarily, the start of a macroinstruction 
fetch sequence is situated at rowg and 
C0I15 so that the INTEL 3214 Priority 
Interrupt Control Unit may be enabled 
at the beginning of the fetch/execute 
cycle. The priority interrupt control 
unit may respond to the Interrupt by 
pulling the enable row address (ERA) 
input line down to override the selected 
next row address from the MCU. Then 
by gating an alternative next row address 
on to the row address lines of the micro- 
program memory, the microprogram 
may be forced to enter an interrupt 
handling routine. The alternative row 
address placed on the microprogram 
memory address lines does not alter 
the contents of the microprogram 
address register. Therefore, subsequent 
jump functions will utilize the row 
address in the register, and not the 
alternative row address, to determine 
the next microprogram address. 

Note, the load function always overrides 
the address control function on ACq- 
ACe- It does not, however, override the 
latch enable or load sub-functions of the 
JCE or JPX instruction, respectively. In 
addition, it does not inhibit the interrupt 
strobe enable or any of the flag control 
functions. 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature . -65°C to +160°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1 .OV to +5.5V 

Output Currents 100 mA 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 



Ta = 0°C to 70°C V«c = 5.0V ±5% 



SYMBOL 



PARAMETER 



MIN 



TYP' 



(1) 



MAX 



UNIT 



CONDITIONS 



Vc 


Input Clamp Voltage (All 
Input Pins) 




-0.8 


-1.0 


V 


Ic =-5mA 


If 


Input Load Current: 
CLK Input 
EN Input 
All Other Inputs 




-0.075 

-0.05 

-0.025 


-0.75 
-0.50 
-0.25 


mA 
mA 
mA 


Vf = 0.45V 


Ir 


Input Leakage Current: 
CLK 

EN Input 
All Other Inputs 






120 

80 

40 


MA 
MA 
MA 


Vr = 5.25V 


V|L 


Input Low Voltage 






0.8 


V 


Vcc = 5.0V 


V|H 


Input High Voltage 


2.0 






V 




Ice 


Power Supply Current <2) 




170 


240 


mA 




Vol 


Output Low Voltage 
(All Output Pins) 




0.35 


0.45 


V 


loL = 10 mA 


VOH 


Output High Voltage 
(MAo-MAg, ISE, FO) 


2.4 


3.0 




V 


Iqh =~1 nnA 


Iqs 


Output Short Circuit Current 
(MAo-MAs, ISE, FO) 


-15 


-28 


-60 


mA 


Vcc = 5.0V 


lo(off) 


Off-State Output Current: 
MAo-MAs, FO 
MAo-MAs, FO, PR0-PR2 






-100 
100 


ma 
ma 


Vo = 0.45V 
Vo= 5.25V 



NOTES: 

(1 ) Typical values are for Ta = 25''C and nominal supply voltage. 

(2) EN input grounded, all other inputs and outputs open. 
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A.C. CHARACTERISTICS AND WAVEFORMS Ta = o°c to 70°c, Vcc = 5.ov ±5% 



SYMBOL 



PARAMETER 



MIN 



TYP 



(1) 



MAX 



UNIT 



tcY Cycle Time ^2) 

twp Clock PuJse Width 

Control and Data Input Set-Up Times: 
tsF LD, ACo-ACe 

tsK FCq, FCi 

tsX SX0-SX3, PX4-PX7 

tsi Fl 

Control and Data Input Hold Times: 
tHF LD, ACo-ACe 

tHK FCq, FCi 

tHX SX0-SX3, PX4-PX7 

tHI Fl 

tco Propagation Delay from Clock Input (CLK) to Outputs 

(MAo-MAs, FO) 

^KG Propagation Delay from Control Inputs FC2 and FC3 to Flag 

Out (FO) 

tpo Propagation Delay from Control Inputs ACq-ACs to Latch 

Outputs (PR0-PR2) 

tEo Propagation Delay from Enable Inputs EN and ERA to Outputs 

(MAo-MAs, FO,PRo-PR2) 

tpi Propagation Delay from Control Inputs ACo-ACg to Interrupt 

Strobe Enable Output (ISE) 



85 


60 




ns 


30 


20 




ns 


10 







ns 









ns 


35 


25 




ns 


15 


5 




ns 


5 







ns 









ns 


20 


5 




ns 


20 


8 




ns 


10 


30 


45 


ns 




16 


30 


ns 




26 


40 


ns 




21 


32 


ns 




24 


40 


ns 



NOTE: 

(1 ) Typical values are for T/^ = 25°C and nominal supply voltage. 

(2) tcY = tWP + tSF-'-tco 



TEST CONDITIONS: 

Input pulse amplitude of 2.5 volts. 

Input rise and fall times of 5 ns between 1 volt and 2 volts. 

Output load of 10 mA and 50 pF. 

Speed measurements are taken at the 1.5 volt level. 



TEST LOAD CIRCUIT: 

Vcc 

>500n 



50 pF 



r 
I 



CAPACITANCE^^) j^ = 25°C 



SYMBOL 



PARAMETER 



MIN 



TYP 



MAX 



UNIT 



C|N Input Capacitance: 

CLK, EN 
All Other Inputs 

Cqut Output Capacitance 



11 
5 

6 



16 
10 

12 



pF 
pF 

pF 



NOTE: 

(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VgiAS = 2.5V, Vqc '^ 5V and 
Ta = 25''C. 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to +1 25°C 

Storage Temperature -65°C to +160°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 100 mA 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 



Ta = -55°C to +125°C, Vcc = 5.0V ±10% 



SYMBOL 


PARAMETER 


MIN 


TVpd) 


MAX 


UNIT 


CONDITIONS 


Vc 


Input Clamp Voltage (All 
Input Pins) 




-0.8 


-1.2 


V 


Ic = -5 mA 


If 


Input Load Current: 
CLK Input 
EN Input 
All Other Inputs 




-75 
-50 
-25 


-750 
-500 
-250 


mA 

MA 


Vf = 0.45V 


Ir 


Input Leakage Current: 
CLK 

EN Input 
All Other Inputs 






120 

80 

40 


MA 
MA 
MA 


Vr =5.5V 


V|L 


Input Low Voltage 






0.8 


V 


Vcc = 5.0V 


V,H 


Input High Voltage 


2.0 






V 




Ice 


Power Supply Current <2) 




170 


250 


mA 




Vol 


Output Low Voltage 
(All Output Pins) 




0.35 


0.45 


V 


l0L = 10 mA 


VoH 


Output High Voltage 
(MAo-MAg, ISE, FO) 


2.4 


3.0 




V 


loH =-1 mA 


los 


Output Short Circuit Current 
(MAo-MAs, ISE, FO) 


-15 


-28 


-60 


mA 


Vcc = 5.0V 


lo(off) 


Off-State Output Current: 
MAo-MAs, FO 
MAq-MAs, FO, PR0-PR2 






-100 
100 


MA 
MA 


Vo = 0.45V 
Vo = 5.5V 



NOTES: 

(1 ) Typical values are for T^ = 25"'C and nominal supply voltage. 

(2) EN input grounded, all other inputs and outputs open. 
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A.C. CHARACTERISTICS AND WAVEFORMS Ta = 


-55°C to +125°C, Vcc 


= 5.0V ±10% 


SYMBOL PARAMETER 


MIN 


TYP<^^ MAX UNIT 



tcY 


Cycle Time < 2) 


twp 


Clock Pulse Width 




Control and Data Input Set-Up Times: 


tSF 


LD, ACo-ACe 


tSK 


FCo, FCi 


tsx 


SX0-SX3, PX4-PX7 


tsi 


Fl 




Control and Data Input Hold Times: 


tHF 


LD, ACo-ACe 


tHK 


FCo, FCi 


^HX 


SX0-SX3, PX4-PX7 


tHI 


Fl 



tco Propagation Delay from Clock Input (CLK) to Outputs 

(MAo-MAg, FO) 

tKO Propagation Delay from Control Inputs FC2 and FC3 to Flag 

Out (FO) 

tpo Propagation Delay from Control Inputs ACq-ACs to Latch 

Outputs (PR0-PR2) 

tEo Propagation Delay from Enable Inputs EN and ERA to Outputs 

(MAo-MAs, FO, PR0-PR2) 

tpi Propagation Delay from Control Inputs ACg-ACe to Interrupt 

Strobe Enable Output (ISE) 



95 


60 


40 


20 


10 










35 


25 


15 


5 


5 










25 


5 


22 


8 



10 



30 
16 
26 
21 
24 



45 
50 
50 
35 
40 



ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 



NOTE: 

(1) Typical values are for T/\ = 25**C and nominal supply voltage. 

(2) tcY = tWP + tsF + tco 



TEST CONDITIONS: 

Input pulse amplitude of 2.5 volts. 

Input rise and fall times of 5 ns between 1 volt and 2 volts. 

Output load of 10 mA and 50 pF. 

Speed measurements are taken at the 1.5 volt level. 



TEST LOAD CIRCUIT: 

Vcc 

>500n 



SOpFZI 



CAPACITANCE^^) j^ = 25°C 



SYMBOL 



PARAMETER 



MIN 



TYP 



MAX 



UNIT 



C||\j Input Capacitance: 

CLK, EN 
All Other Inputs 

CouT Output Capacitance 



11 
5 



16 
10 

12 



pF 
pF 

pF 



NOTE: 

(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VqiaS '^ 2.5V, Vcc "= 5V and 
Ta = 25" C. 
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3001 



CLK 
CLOCK INPUT 



f 



-twp- 



EN,ERA 
ENABLE INPUTS 



MAo-MAg 
CONTROL MEMORY 
ADDRESS OUTPUTS 



ACo-ACe, LD 

ADDRESS CONTROL 

INPUTS 



PR0-PR2 
"PR" LATCH OUTPUTS 



7v 



^tco- 



tEO ^ 

J. 



-tcY- 



-tHF >< tsF- 



)( 



-tEO- 



tpo ^ 



X 



X 



X 



FC0-FC3 

FLAG CONTROL 
INPUTS 



Fl 
FLAG INPUT 



FO 
FLAG OUTPUT 



^tHK- 



-tsK" 



)( 



-tHI- 



tsi 



X 



l^tKO--^ 



^tco- 



-tEO- 



X 



X 



ISE 

INTERRUPT STROBE 

ENABLE OUTPUT 



-tpi- 



X 



SX0PX7 

INSTRUCTION 
BUS INPUTS 



-tHX~ 



-tsx- 



A 
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3002 
CENTRAL PROCESSING ELEMENT 



The I NTE 1^^3002 Central Processing 
Element contains all of the circuits that 
represent a 2-bit wide slice through the 
data processing section of a digital com- 
puter. To construct a complete central 
processor for a given word width N, it 
is simply necessary to connect an array 
of N/2 CPE's together. When wired 
together in such an array, a set of CPE's 
provide the following capabilities: 

2's complement arithmetic 

Logical AND, OR, NOT and 
exclusive-OR 

Incrementing and decrementing 

Shifting left or right 

Bit testing and zero detection 

Carry look-ahead generation 

Multiple data and address busses 



High Performance — 100 ns Cycle Time 

TTL and DTL Compatible 

N-BIt Word Expandable Multi-Bus 
Organization 

3 Input Data Busses 

2 Three-State Fully Buffered Output 

Data Busses 

11 General Purpose Registers 

Full Function Accumulator 

Independent Memory Address Register 

Cascade Outputs for Full Carry 
Look-Ahead 

Versatile Functional Capability 
8 Function Groups 
Over 40 Useful Functions 
Zero Detect and Bit Test 

Single Clock 

28 Pin DIP 



PACKAGE CONFIGURATION 





1 • 




28 




lo- 




-Vcc 


ll- 


2 
3 




27 
26 


-F2 


Ko^ 




-Fl 


Ki-o 


4 




25 


-Fo 


X — 


5 




24 


"F3 


Y — 


6 




23 


c^ED 


CO^ 


7 


INTEL® 22 


^Mo 


RO^ 


8 


3002 


21 


o-Mi 


Ll-o 


9 




20 


c^Di 


Cl-^ 


10 




19 


-Do 


EA-^' 


11 




18 


— CLK 


A,-^ 


12 




17 


-Fa 


Ao-o 


13 




16 


-F5 


GND — 


14 




15 


-Fe 




Wi9m0 t . Stock Diagram of a Tyiilctl Systtm 
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PIN DESCRIPTION 
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PIN 



SYMBOL 



NAME AND FUNCTION 



TYPE 



(1) 



1,2 



3,4 



5,6 



7 


CO 


8 


RO 


9 


LI 


10 


CI 


11 


EA 



12-13 



14 


GND 


15-17, 
24-27, 


Fo-Fe 


18 


CLK 


19-20 


Do-Di 



21-22 



23 



28 



Iq-Ii External Bus Inputs 

The external bus inputs provide a separate input port for external input 
devices. 

Kq-Ki Mask Bus Inputs 

The mask bus inputs provide a separate input port for the microprogram 
memory, to allow mask or constant entry. 

X, Y Standard Carry Look-Ahead Cascade Outputs 

The cascade outputs allow high speed arithmetic operations to be 
performed when they are used in conjunction with the INTEL 3003 
Look-Ahead Carry Generator. 

Ripple Carry Output 

The ripple carry output is only disabled during shift right operations. 

Shift Right Output 

The shift right output is only enabled during shift right operations. 

Shift Right Input 

Carry Input 

Memory Address Enable Input 

When in the LOW state, the memory address enable input enables the 

memory address outputs (Aq-A-i ). 

Aq-Ai Memory Address Bus Outputs 

The memory address bus outputs are the buffered outputs of the 
memory address register (MAR). 

Ground 

Micro-Function Bus Inputs 

The micro-function bus inputs control ALU function and register 

selection. 

Clock Input 

Memory Data Bus Outputs 

The memory data bus outputs are the buffered outputs of the full 

function accumulator register (AC). 

Mq-Mi Memory Data Bus Inputs 

The memory data bus inputs provide a separate input port for 
memory data. 

ED Memory Data Enable Input 

When in the LOW state, the memory data enable input enables the 
memory data outputs (Dq-D-i ) 

Vcc +5 Volt Supply 



Active LOW 



Active LOW 



Active LOW 
Three-state 

Active LOW 
Three-state 

Active LOW 

Active LOW 

Active LOW 



Active LOW 
Three-state 



Active LOW 
Three-state 



Active LOW 



Active LOW 



NOTE: 

1. Active HIGH, unless otherwise specified. 
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The CPE provides the arithmetic, logic 
and register functions of a 2-bit wide 
slice through a microprogrammed central 
processor. Data from external sources 
such as main memory, is brought into 
the CPE on one of the three separate in- 
put busses. Data being sent out of the 
CPE to external devices is carried on 
either of the two output busses. Within 
the CPE, data is stored in one of eleven 
scratchpad registers or in the accumula- 
tor. Data from the input busses, the 
registers, or the accumulator is available 
to the arithmetic/logic section (ALS) 
under the control of two internal multi- 
plexers. Additional inputs and outputs 
are included for carry propagation, 
shifting, and micro-function selection. 
The complete logical organization of the 
CPE is shown below. 

MICRO-FUNCTION BUS AND 
DECODER 

The seven micro-function bus input 
lines of the CPE, designated pQ-fQ, 
are decoded internally to select the 
ALS function, generate the scratchpad 
address, and control the A and B 
multiplexers. 

M-BUS AND l-BUS INPUTS 

The M-bus inputs are arranged to bring 
data from an external main memory 
into the CPE. Data on the M-bus is 
multiplexed internally for input to 
the ALS. 

The l-bus inputs are arranged to bring 
data from an external I/O system into 
the CPE. Data on the l-bus is also mul- 
tiplexed internally, although indepen- 
dently of the M-bus, for input to the 
ALS Separation of the two busses per- 
mits a relatively lightly loaded memory 
bus even though a large number of I/O 
devices are connected to the l-bus. 
Alternatively, the l-bus may be wired 
to perform a multiple bit shift (e.g., a 
byte exchange) by connecting it to one 
of the output busses. In this case, I/O 
device data is gated externally onto the 
M-bus. 

SCRATCHPAD 

The scratchpad contains eleven registers 
designated Rq through Rg and T. The 
output of the scratchpad is multiplexed 
internally for input to ALS. The ALS 
output is returned for input into the 
scratchpad. 

ACCUMULATOR AND D-BUS 

An independent register called the 
accumulator (AC) is available for storing 
the result of an ALS operation. The 
output of the accumulator is multi- 
plexed internally for input back to the 



ALS and is also available via a three- 
state output buffer on the D-bus 
outputs. Conventional usage of the 
D-bus is for data being sent to the 
external main memory or to external 
I/O devices. 

A AND B MULTIPLEXERS 

The A and B multiplexers select the two 
inputs to the ALS specified on the 
micro-function bus. Inputs to the A- 
multiplexer include the M-bus, the 
scratchpad, and the accumulator. The 
B-multiplexer selects either the l-bus, 
the accumulator, or the K-bus. The 
selected B-multiplexer input is always 
logically ANDed with the data on the 
K-bus (see below) to provide a flexible 
masking and bit testing capability. 

ALS AND K-BUS 

The ALS is capable of a variety of 
arithmetic and logic operations, in- 
cluding 2's complement addition, in- 
crementing, and decrementing, plus 
logical AND, inclusive-OR, exclusive- 
NOR, and logical complement. The 
result of an ALS operation may be 
stored in the accumulator or one of the 
scratchpad registers. Separate left input 
and right output lines, designated LI 
and RO, are available for use in right 
shift operations. Carry input and carry 
output lines, designated CI and CO are 
provided for normal ripple carry propaga- 



tion. CO and RO data are brought out via 
two alternately enabled tri-state buffers. 
In addition, standard look ahead carry 
outputs, designated X and Y, are available 
for full carry look ahead across any word 
length. 

The ability of the K-bus to mask inputs 
to the ALS greatly increases the versa- 
tility of the CPE. During non-arithmetic 
operations in which carry propagation 
has no meaning, the carry circuits are 
used to perform a word-wise inclusive- 
OR of the bits, masked by the K-bus, 
from the register or bus selected by the 
function decoder. Thus, the CPE pro- 
vides a flexible bit testing capability. 
The K-bus is also used during arithmetic 
operations to mask portions of the field 
being operated upon. An additional 
function of the K-bus is that of supply- 
ing constants to the CPE from the 
microprogram. 

MEMORY ADDRESS REGISTER 
AND A-BUS 

A separate ALS output is also avail- 
able to the memory address register 
(MAR) and to the A-bus via a three- 
state output buffer. Conventional usage 
of the MAR and A-bus is for sending ad- 
dresses to an external main memory. 
The MAR and A-bus may also be used 
to select an external device when 
executing I/O operations. 
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Figure 2. 3002 Block Diagram 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +160°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1 .OV to +5.5V 

Output Currents 100 mA 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratings for extended periods may effect device reliability. 



Ta = 0°C to +70°C, Vcc = 5.0V ±5% 









LIMITS 








SYMBOL 


PARAMETER 


MIN 


TYpd) 


MAX 


UNIT 


CONDITIONS 


Vc 


Input Clamp Voltage (All 
Input Pins) 




-0.8 


-1.0 


V 


Ic =~5 mA 


If 


Input Load Current: 

Fo-F6,CLK,Ko, Ki,EA, ED 

loJi,Mo,Mi,LI 

CI 




-0.05 
-0.85 
-2.3 


-0.25 

-1.5 

-4.0 


mA 
mA 
mA 


Vp = 0.45V 


Ir 


Input Leakage Current: 

Fo-F6,CLK, Ko, Ki,EA, ED 

loJi,Mo,Mi,LI 

CI 






40 
60 
180 


MA 
MA 
MA 


Vr = 5.25V 


ViL 


Input Low Voltage 






0.8 


V 


Vcc = 5.0V 


V|H 


Input High Voltage 


2.0 






V 




'cc 


Power Supply Current ^^^ 




145 


190 


mA 




Vol 


Output Low Voltage (All 
Output Pins) 




0.3 


0.45 


V 


loL = 10 mA 


VOH 


Output High Voltage (All 
Output Pins) 


2.4 


3.0 




V 


loH =-1 mA 


los 


Short Circuit Output Current 
(All Output Pins) 


-15 


-25 


-60 


mA 


Vcc = 5.0V 


'O (off) 


Off State Output Current 
Ao, Ai,Do, Di,CO and RO 






-100 
100 


MA 
MA 


Vo = 0.45V 
Vo = 5.25V 



NOTES: 

(1) Typical values are for T/^ = 25°C and nominal supply voltage 

(2) CLK Input grounded, other inputs open. 
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A.C. CHARACTERISTICS AND WAVEFORMS 

Ta = 0°C to 70°C, Vcc = 5V ±5% 



SYMBOL 



PARAMETER 



MIN 



TYP 



(1) 



MAX 



UNIT 



tCY 


Clock Cycle Time ^^' 


twp 


Clock Pulse Width 


tps 


Function Input Set-Up Time (Fq thro 




Data Set-Up Time: 


tDS 


lo, h, Mo, Ml, Ko, Ki 


tss 


LI, CI 




Data and Function Hold Time: 


tPH 


Fq through Fe 


tDH 


lo, h, Mo, Ml, Ko, Ki 


tSH 


LI, CI 




Propagation Delay to X, Y, RO from: 


tXF 


Any Function Input 


tXD 


Any Data Input 


tXT 


Trailing Edge of CLK 


tXL 


Leading Edge of CLK 




Propagation Delay to CO from: 


tCL 


Leading Edge of CLK 


tCT 


Trailing Edge of CLK 


tCF 


Any Function Input 


tCD 


Any Data Input 


tec 


CI (Ripple Carry) 




Propagation Delay to Ao, Ai, Dq, 1 


tDL 


Leading Edge of CLK 


tDE 


Enable Input ED, EA 



Di from: 



100 


70 




ns 


33 


20 




ns 


60 


40 




ns 


50 


30 




ns 


27 


13 




ns 


5 


-2 




ns 


5 


-4 




ns 


15 


2 




ns 




37 


52 


ns 




29 


42 


ns 




40 


60 


ns 


20 






ns 


20 






ns 




48 


70 


ns 




43 


65 


ns 




30 


55 


ns 




14 


25 


ns 


5 


32 


50 


ns 




12 


25 


ns 



NOTE: 

(1) Typical values are for T/\ = 25°C and nominal supply voltage. 

(2) tcY = tDS + ^DL- 



TEST CONDITIONS: 

Input pulse amplitude: 2.5 V 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 10 mA and 30 pF. 

Speed measurements are made at 1.5 volt levels. 



TEST LOAD CIRCUIT: 

Vcc 



30 pF 



r 

L 



CAPACITANCE*^) Ta = 25°C 



SYMBOL 




PARAMETER 


MIN 


TYP 


MAX 


UNIT 


C|N 
COUT 


Input Capacitance 
Output Capacitance 






5 
6 


10 
12 


pF 
pF 



NOTE: 

(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VgiAS ~ 2.5V, Vcc ~ ^-^V and 
Ta = 25°C. 
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M3002 



D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to +1 25°C 

Storage Temperature -65°C to +160°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1 .OV to +5.5V 

Output Currents 100 mA 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratings for extended periods may effect device reliability. 



Ta = -55 C to +125°C, Vcc = 5.0V ±10%. 









LIMITS 








SYMBOL 


PARAMETER 


MIN 


-TYpH) 


MAX 


UNIT 


CONDITIONS 


Vc 


Input Clamp Voltage (All 
Input Pins) 




-0.8 


-1.2 


V 


Ic =~5 mA 


If 


Input Load Current: 

Fo-F6,CLK, Ko, Ki,EA, ED 




-0.05 


-0.25 


mA 


Vf = 0.45V 




loJi.Mo,Mi,LI 




-0.85 


-1.5 


mA 






CI 




-2.3 


-4.0 


mA 




Ir 


Input Leakage Current: 

Fo-F6,CLK, Ko, Ki,EA, ED 

lo, li,Mo,Mi,LI 

CI 






40 

100 

250 


/iA 
/iA 


Vr = 5.5V 


V|L 


Input Low Voltage 






0.8 


V 


Vcc = 5.0V 


V|H 


Input High Voltage 


2.0 






V 




Ice 


Power Supply Current 




145 


210 


mA 




Vol 


Output Low Voltage (All 
Output Pins) 




0.3 


0.45 


V 


loL = 10 mA 


VoH 


Output High Voltage (All 
Output Pins) 


2.4 


3.0 




V 


loH =~1 mA 


los 


Short Circuit Output Current 
(All Output Pins) 


-15 


-25 


-60 


mA 


Vcc = 5.0V 


lo(off) 


Off State Output Current 
Aq, Ai, Do, Di,CO and RO 






-100 
100 


ma 


Vo = 0.45V 
Vo = 5.5V 



NOTES: 

(1 ) Typical values are for T/\ = 25° C and nominal supply voltage 

(2) CLK input grounded, other inputs open. 
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M3002 



A.C. CHARACTERISTICS AND WAVEFORMS 






m : 


9 lif*'' 


Ta = -55°Cto +125°C, Vcc = 5.0V ±10%. 


SYMBOL PARAMETER 


MIN 


TYP<1) 


MAX 


UNIT 



tCY 
twp 
tFS 

tDS 

tss 

tpH 
tSH 

tXF 
tXD 
tXT 
tXL 

tCL 
tCT 
tCF 
tCD 

tec 

tDL 
tDE 



Clock Cycle Time ^^^ 

Clock Pulse Width 

Function Input Set-Up Time (Fq through Fq) 

Data Set-Up Time: 

lo, h, Mo, Ml, Ko, Ki 
LI, CI 

Data and Function Hold Time: 
Fq through Fq 
lo, h. Mo, Mi, Ko. Ki 
LI, CI 

Propagation Delay to X, Y, RO from: 
Any Function Input 
Any Data Input 
Trailing Edge of CLK 
Leading Edge of CLK 

Propagation Delay to CO from: 
Leading Edge of CLK 
Trailing Edge of CLK 
Any Function Input 
Any Data Input 
CI (Ripple Carry) 



Propagation Delay to Aq, A-;, 
Leading Edge of CLK 
Enable Input ED, EA 



Do, Di from: 



120 


70 




ns 


42 


20 




ns 


70 


40 




ns 


60 


30 




ns 


30 


13 




ns 


5 


-2 




ns 


5 


-4 




ns 


15 


2 




ns 




37 


65 


ns 




29 


55 


ns 




40 


75 


ns 


22 






ns 


22 






ns 




48 


85 


ns 




43 


75 


ns 




30 


65 


ns 




14 


30 


ns 


5 


32 


60 


ns 




12 


35 


ns 



NOTE: 

(1 ) Typical values are for T^ = 25°C and nominal supply voltage. 

(2) tcY = tDS+tDL 



TEST CONDITIONS: 

Input pulse amplitude: 2.5 V 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 10 mA and 30 pF. 

Speed measurements are made at 1.5 volt levels. 



TEST LOAD CIRCUIT: 

Vcc 



r 



CAPACITANCE<2> Ta = 25°C 












SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


C||\j Input Capacitance 
CouT Output Capacitance 






5 
6 


10 
12 


pF 
pF 



NOTE: 

(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VgiAS ~ 2.5V, Vqc ~ 5.0V and 
Ta = 25° C. 
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3002 WAVEFORMS 



3002 



-tcY- 



CLOCK INPUT 
CLK 



-twp- 



tps- 



-tpH 



FUNCTION INPUTS 
Fn-F, 



o-f-e 



)C 






DATA INPUTS 






-tos- 



-^^ tDH" 



X 



CARRY AND SHIFT 
INPUTS LI, CI 



-tss— ^^-tsH-^ 



X 



t 



CARRY AND SHIFT 
OUTPUTS X, Y, RO 



CO 



-txT- 



-tXF- 



-tXD- 



-tCT- 



-tCF- 



-tcD- 



-tXL- 



X 



^tcc^ 



'\r 






< tcL- 



A. 



ENABLE INPUTS 
EA, ED 



X 



DATA OUTPUTS 
Ao,Ai,Do, Di 



-tDE- 



X 



-toL- 



— v 



A 
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Intel 



3003 
LOOK-AHEAD CARRY GENERATOR 



The INTEL® 3003 Look-Ahead Carry 
Generator (LCG) is a high speed circuit 
capable of anticipating a carry across a 
full 16-bit 3002 Central Processing 
Array. When used with a larger 3002 
CP Array multiple 3003 carry generators 
provide high speed carry look-ahead 
capability for any word length. 

The LCG accepts eight pairs of active 
high cascade inputs (X,Y) and an active 
low carry input and generates active 
low carries for up to eight groups of 
binary adders. 



High Performance — 10 ns typical 
propagation delay 

Compatible with INTEL 3001 MCU 
and 3002 CPE 

DTL and TTL compatible 

Full look-ahead across 8 adders 

Low voltage diode input clamp 

Expandable 

28-pin DIP 



PACKAGE CONFIGURATION 





1 
2 




28 
27 




X7 — 




— -Vcc 




ECn+ 8 


3 




26 


— ^6 


Cn + 8 -0 


4 




25 


0- Cn + 7 


X5 — 


5 




24 


— X2 


X4 — 


6 




23 


~ Y2 


Y5 — 


7 


INTEL® 
3003 


22 


0- Cn + 6 


Y4 — 


8 


21 


— Y, 


Cn + 5 -0 


9 




20 


— Xl 


X3-- 


10 




19 


— Xo 


Y3 — 


11 




18 


— Yo 


Cn + 4-0 


12 




17 


O-Cn 


Cn + 2 


13 




16 0- Cn + 3 


GND 


14 




15 


0- Cn+1 







Diagram of a Typical System 
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3003 



PIN DESCRIPTION 



PIN 



SYMBOL 



NAME AND 
FUNCTION 



1,7,8,11 


Y0-Y7 


Standard carry 


18,21,23 




look-ahead 


27 




inputs 


2,5,6,10 


X0-X7 


Standard carry 


19,20,24 




look-ahead 


26 




inputs 


17 


Cn 


Carry input 


4,9,12 


Cn+r 


Carry outputs 


13,15,16 


Cn+8 




3 


ECn+8 


Cn+8 carry 
output enable 


28 


Vcc 


+5 volt supply 


14 


GND 


Ground 



TYPE 



Active 
HIGH 



Active 
HIGH 



Active 
LOW 

Active 
LOW 

Active 
HIGH 



LOGIC DIAGRAM 




3003 LOGIC EQUATIONS 

The 3003 Look-Ahead Generator is implemented in a compatible form for direct connection to the 3001 MCU and 3002 CPE. 
Logic equations for the 3003 are: 



C„ + 1 = 



Yo^O'^'^O^n 



C, + 2 = 



Y^X^+Y^YoXo + Y^YqC,^, 



C„ + 3 = 



Y2X2 + Y2Y^X^ + Y2Y^ YqXq + Y2Y^YqC^ 



C^^4: 



^3^3 "*" Y3Y2X2 + Y3Y2Y^X^ + Y3Y2Y^YqXq + Y3Y2Y^YqC^ 



C„ + 5 = 



Y4X4 + Y4Y3X3 ^ Y4Y3Y2X2 + Y4Y3Y2 Y^ Xt + Y4Y3Y2Y^ YqXq + Y4Y3Y2Yi Y^C, 



C^.6 = 



Y5X5 ^ Y5Y4X4+ Y5Y4Y3X3 + Y5Y4Y3Y2X2 + Y5Y4Y3Y2Y^X^ + Y5Y4Y3Y2Y^YoXo + Y5Y4Y3Y2YiYoC^ 



Cn^-7 = 



YfiXe^ Y6Y5X5 + Y6Y5Y4X4 + Y6Y5Y4Y3X3^ Y6Y5Y4Y3Y2X2 + YgY5Y4Y3Y2YTXT + Y6Y5Y4Y3Y2Y^YoXo 



"Y6Y5Y4Y3Y2YiYoC^ 



C^ + 8 = High Impedance State when EC^ + 8 Low 

€^=¥7X7 + Y^YgXg + Y^YgYgXg + Y7Y6Y5Y4X4 + Y7YeY5Y4Y3X3 + Y^YgYgY^YgYjXj rY^YgY^Y^YgYjYiX, 



+ Y7Y6Y5Y4Y3Y2Y1 YqXo + Y7YgY5Y4Y3Y2Y, YqC, when EC„ * 8 high 
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3003 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°Cto +125°C 

Storage Temperature -65°C to +160°C 

All Output and Supply Voltages -0.5V to +7V 

Alllnput Voltages ..." -1.0Vto+5.5V 

Output Current • 100 mA 

•COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is 
not implied. 

Ta = -55°Cto +125°C, Vcc = 5.0V ±10%. 

SYMBOL PARAMETER MIN. TYP.^''^ MAX. UNIT CONDITIONS 

Vq InputClamp Voltage (All -0.8 -1.2 V Ic = -5 mA 

Input Pins) 

Ip Input Load Current: 

X6,X7,Cn,ECn+8 -0.07 -0.25 mA Vp = 0.45V 

Y7,Xo-X5, -0.200 -0.500 mA 

Yo-Ye -0.6 -1.5 mA 

Ir Input Leakage Current: 

CnandECn + 8 40 fiA Vqc = 5.25V, Vr = 5.5V 

All Other Inputs 100 ^A 

V||_ Input Low Voltage 0.8 V Vqc = 5.0V 

V|H Input High Voltage 2.1 V Vqc = 5.0V 

Ice Power Supply Current 80 130 mA All Y and ECp + 8 high. 

All X and Cn low 

Vql Output Low Voltage (All 0.35 0.45 V IqL = 4 mA 

Output Pins) 

Vqh Output High Voltage (All 2.4 3 ^ 'OH " -^ ^^ 

Output Pins) 

Iqs Short Circuit Output Current 

(All Output Pins) -15 -40 -65 mA Vqc = 5V 

'O(off) Off-State Output Current -100 juA Vq = 0.45V 

(Cn + 8) +100 juA Vo = 5.5V 

NOTE: 

(1) Typical values are for Ta = 25°C and nominal supply voltage. 

A.C. CHARACTERISTICS 

Ta = -55°C to +1 25° C, Vcc = +5.0V ±10% 

SYMBOL PARAMETER MIN. TYP.<1> MAX. UNIT 

txc X, Y to Outputs 3 10 25 ns 

tQQ Carry In to Outputs 13 40 ns 

t^isj Enable Time, Cp, + 8 20 50 ns 

NOTE: ^ ~~~ 

(1) Typical values are for T/\ = 25°C and nominal supply voltage. 
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^___ M3003 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias C to 70 C 

Storage Temperature -65°Cto+160 C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0Vto+5.5V 

Output Current 100mA 

•COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is 
not implied. 

T^ = 0°C to +70°C Vcc = 5.0V ±5% 

SYMBOL PARAMETER MIN. TYP.^''^ MAX. UNIT CONDITIONS 

Vq Input Clamp Voltage (All -0.8 -1.0 V Iq = -5 mA 

Input Pins) 

Ip Input Load Current: 

XQ,X7Cn,ECn + 8 -0.07 -0.25 mA Vp = 0.45V 

Y7,Xo-X5, -0.200 -0.500 mA 

Yq-Yq -0.6 -1.5 mA 

Ip Input Leakage Current: 

Cp and ECp + 8 40 juA Vr = 5.25V 

All Other Inputs 100 juA 

VjL Input Low Voltage 0.8 V Vqq = 5.0V 

V|H Input High Voltage 2.0 V Vqc = 5.0V 

•CC Power Supply Current 80 130 mA All Y and ECn + 8 high. 

All X and Cn low 

Vql Output Low Voltage (All 0.35 0.45 V Iql = 4 mA 

Output Pins) 

Vqh Output High Voltage (All 2.4 3 V 'oH ^ ""^ "^^ 

Output Pins) 

Iq5 Short Circuit Output Current 

(All Output Pins) -15 -40 -65 mA V^c = 5V 

'O(off) Off-State Output Current -100 juA Vq = 0.45V 

(Cn + 8) +100 juA Vo = 5.25V 

NOTE: 

(1) Typical values are for T/\ = 25°C and nominal supply voltage. 

A.C. CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = +5V ± 5% 

SYMBOL PARAMETER MIN. TYP.^l) MAX. UNIT 

txc X,Y to Outputs 3 10 20 ns 

tec Carry In to Outputs 13 30 ns 

t^N Enable Time, Cn + 8 20 40 ns 

NOTE: 

(1) Typical values are for Ta = 25° C and nominal supply voltage. 
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WAVEFORMS 



3003 



Cn+i-Cnt8 OUTPUTS 



JQ 



NOTE: ALTERNATE TEST LOAD: 

vcc 



}( 



^^ 



0.5V Cn+8 OUT O- 



" - t 



-VOH 



CAPACITANCE^^) Ta = 25°C 












SYMBOL 




PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COUT 


Input Capacitance 
Output Capacitance 


All inputs 
Cn + 8 




12 

7 


20 
12 


PF 
PF 



NOTE: 

(2) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vgi/^s ~ 5-OV, 
Vcc = 5.0V and Ta = 25°C. 



TEST CONDITIONS: 



TEST LOAD CIRCUIT: vcc 



Input pulse annplitude of 2.5V. 

Input rise and fall tinnes of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 30 pF. 

Speed measurements are made at 1.5 volt levels. 



OUT o— — t ' 



30 pF e 2K 
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intet 



3212 
MULTI-MODE LATCH BUFFER 



The INTEl?3212 Multi-Mode Latch 
Buffer is a versatile 8-bit latch with 
three-state output buffers and built-in 
device select logic. It also contains an 
independent service request flip-flop 
for the generation of central processor 
interrupts. Because of its multi-mode 
capabilities, one or more 3212's can 
be used to implement many types of 
interface and support systems for Series 
3000 computing elements including: 

Simple data latches 
Gated data buffers 
Multiplexers 

Bi-directional bus drivers 
Interrupting input/output ports 



High Performance — 50 ns Write Cycle 
Time 

Low Input Load Current — 250 /iA 
Maximum 

Three-State Fully Buffered Outputs 

High Output Drive Capability 

Independent Service Request Flip- 
Flop 

Asynchronous Data Latch Clear 

24 Pin DIP 



PACKAGE CONFIGURATION 




D04 




\NSTRUCT\ON BUS 



Figure 1. Block Diagram of a Typical System 
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PIN DESCRIPTION 



3212 



PIN 



SYMBOL 



NAME AND FUNCTION 



TYPE 



(1) 



3, 5, 7, 9, 
16, 18, 20, 
22 

4. 6, 8, 10, 
15, 17, 19, 
21 



DSi 
MD 



Dli-DIg 



DGi-DGs 



Device Select Input 1 active LOW 

Mode Input 

When MD is high (output mode) the output buffers are enabled and the 
write signal to the data latches is obtained from the device select logic. 
When MD is low (input mode) the output buffer state is determined by 
the device select logic and the write signal is obtained from the strobe 
(STB) input. 

Data Inputs 

The data inputs are connected to the D-inputs of the data latches. 

Data Outputs three-state 

The data outputs are the buffered outputs of the eight data latches. 



11 



STB 



Strobe Input 

When MD is in the LOW state, the STB input provides the clock input 
to the data latch. 



12 


GND 


Ground 


13 


DS2 


Device Select Inpi 
When DSi is low 


14 


CLR 


Clear 


23 


INT 


Interrupt Output 



active LOW 
active LOW 



The interrupt output will be active LOW (interrupting state) when 
either the service request flip-flop is low or the device is selected. 



NOTE: 

(1) Active HIGH, unless otherwise specified. 
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3212 



FUNCTIONAL DESCRIPTION 

The 3212 contains eight D-type data 
latches, eight three-state output buf- 
fers, a separate D-type service request 
flip-flop, and a flexible device select/ 
mode control section. 

DATA LATCHES 

The Q-output of each data latch will 
follow the data on its corresponding 
date input line (Dli— DIs) while its 
clock input is high. Data will be 
latched when the internal write line WR 
is brought low. The output of each 
data latch is connected to a three-state, 
non-inverting output buffer. The in- 
ternal enable line EN is bussed to each 
buffer. When the EN is high, the buf- 
fers are enabled and the data in each 
latch is available on its corresponding 
data output line (DOq-DOs). 

DEVICE SELECT LOGIC 

Two input lines DS^ and DS2 are pro- 
vided for device selection. When DS^ 
is low and DS2 is high, the 3212 is 
selected. 

MODE CONTROL SECTION 

The 3212 may be operated in two 
modes. When the mode input line MD 
is low, the device is in the input mode. 
In this mode, the output buffers are 
enabled whenever the 3212 is selected; 
the internal WR line follows the STB 
input line. 

When MD is high, the device is in the 
output mode and, as a result, the out- 
put buffers are enabled. In this mode, 
the write signal for the data latch is 
obtained from the device select logic. 

SERVICE REQUEST FLIP-FLOP 
AND STROBE 

The service request flip-flop SR is used 
to generate and control central proces- 
sor interrupt signals. For system reset, 
the SR flip-flop is placed in the non- 
interrupting state (i.e., SR is set) by 
bringing the CLR line low. This simul- 
taneously clears (resets) the 8-bit data 
latch. 



The Q output of the SR flip-flop is 
logically ORed with the output of 
device select logic and then inverted 
to provide the interrupt output INT. 
The 3212 is considered to be in the in- 
terrupting state when the INT output 
is low. This allows direct connection 
to the active LOW priority request in- 
puts of the INTEL®3214 Interrupt 
Control Unit. 



When operated in the input mode (i.e., 
MD low) the strobe input STB is used 
to synchronously write data into the 
data latch and place the SR flip-flop in 
the interrupting (reset) state. The in- 
terrupt is removed by the central pro- 
cessor when the interrupting 3212 is 
selected. 



r' 



DSi_ 
OS2- 



±0 



^ 



VPi±±-, 



^^^" 



L 



M3212 Logic Diagram 



-0-4-" 



TL. 



-0^0- 



t^^ 



I 



^IJ^o 



■^S>-r" 



—>-f-' 
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3212 



D.C. AND OPERATING CHARACTERISTICS 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ., C to 70 C 

Storage Temperature -65 C to +160 C 

All Output and Supply Voltages -O.BV to +7V 

AIM nput Voltages -1.0Vto+5.5V 

Output Currents 100 mA 

'COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 



Ta = 0°C to +75 C Vcc = +5V ±5% 



Symbol 



Parameter 



Min. 



Typ. 



Max. Unit Conditions 



Input Load Current 

STB, DS2, CLR, Dli-DIg Inputs 



-.25 mA Vp = .45V 



If 



Input Load Current 
MD Input 



-.75 mA Vp = .45V 



Input Load Current 
DSi Input 



-1.0 



mA Vf = .45V 



Input Leakage Current 

STB, DS, CLR, Dh-Dls Inputs 



10 



/iA Vr = 5.25V 



Ir 


Input Leakage Current 
MD Input 




Ir 


Input Leakage Current 
DSi Input 




Vc 


Input Forward Voltage Clamp 




V|L 


Input "Low" Voltage 




V|H 


Input "High" Voltage 


2.0 


Vol 


Output "Low" Voltage 




VOH 


Output "High" Voltage 


3.65 


Isc 


Short Circuit Output Current 


-15 


Hoi 


Output Leakage Current 





4.0 



30 



40 



jLiA Vr = 5.25V 



juA Vr = 5.25V 



-1 


V 


Iq = -5 mA 


.85 


V 
V 




.45 


V 


Iql ~ 15 mA 




V 


Iqh = -1 mA 


-75 


mA 


Vcc = 5.0V 


20 


ma 


Vo = .45V/5.25V 



High Impedance State 



•cc 



Power Supply Current 



90 



130 



mA 
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3212 



A.C. CHARACTERISTICS Ta = 0°C to 75° c, Vcc = +5.0V ± 5% 



Symbol 



Parameter 



Min. 



Typ. 



Max. 



Unit 



^PW 


Pulse Width 


25 


tpD 


Data To Output Delay 




%E 


Write Enable To Output Delay 




tsET 


Data Setup Time 


15 


tH 


Data Hold Time 


20 


tR 


Reset To Output Delay 




ts 


Set To Output Delay 




^E 


Output Enable Time 
Clear To Output Display 





30 

40 



40 
30 
45 
45 



Cl = 30 pf 



TEST CONDITIONS: 

Input pulse amplitude of 2.5 volts. 

Input rise and fall times of 5 ns between 1 volt and 2 volts. 

Output load of 15 mA and 30 pF. 

Speed measurements are taken at the 1.5 volt level. 



TEST LOAD CIRCUIT: 



30 pF 



r 

T 



CAPACITANCE^^^ 



Symbol 



Test 



LIMITS 
Min. Typ. Max. Units 



C|(\| DSi, MD Input Capacitance 

C|N DS2,CLR,STB, Dli-DIg 

Input Capacitance 

Cqut DOi—DOg Output Capacitance 



12 pf 

9 pf 

12 pf 



NOTE: 

(1) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VbiaS "^ 2,5V, Vqc ~ 5V and 
Ta = 25°C. 
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D.C. AND OPERATING CHARACTERISTICS 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°Cto +125°C 

Storage Temperature -65°C to +160 C 

All Output and Supply Voltages -O.BV to +7V 

All Input Voltages -1.0V to+5.5V 

Output Currents 100 m A 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification 
is npt implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 



Ta = -55°C to +125°C; Vqc = 5.0V ±10% 



Symbol 



Parameter 



Min. 



Typ. 



Max. Unit 



Conditions 



Input Load Current 

STB, DS2, CLR, Dli-Dls Inputs 



-.25 mA Vp = .45V 



input Load Current 
MD Input 



-.75 mA Vf = .45V 



Input Load Current 
DSi Input 



-1.0 mA Vf = .45V 



Input Leakage Current 

STB, DS, CLR, Dh-Dls Inputs 



10 



ma 



5.5 V 



Ir 


Input Leakage Current 
MD Input 




Ir 


Input Leakage Current 
DSi Input 




Vc 


Input Forward Voltage Clamp 




V|L 


Input "Low" Voltage 




V|H 


Input "High" Voltage 


2.0 


Vol 


Output "Low" Voltage 




VOH 


Output "High" Voltage 


3.5 


isc 


Short Circuit Output Current 


-15 


Hoi 


Output Leakage Current 





4.0 



30 



40 



juA Vr = 5.5V 



liA 



5.5 V 



1.2 


V 


Iq = -5 mA 


.80 


V 
V 




.45 


V 


Iql = 10 mA 




V 


Iqh = -5 mA 


-75 


mA 


Vcc = 5.0V 


20 


ma 


Vo = .45V/5.5V 



High Impedance State 



"CC 



Power Supply Current 



90 



145 



mA 
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A.C. CHARACTERISTICS Ta = -55°C to +125°C, Vcc = 5.0V ± 10% 



Symbol 



Parameter 



Min. 



Typ. 



Max. 



Unit 



PW 

PD 

WE 

•SET 

H 

R 

S 

E 



Pulse Width 40 

Data To Output Delay 

Write Enable To Output Delay 

Data Setup Time 20 

Data Hold Time 30 

Reset To Output Delay 

Set To Output Delay 

Output Enable Time 

Clear To Output Display 



30 
50 



55 
35 
50 
55 



30 pf 



TEST CONDITIONS: 

Input pulse amplitude of 2.5 volts. 

Input rise and fall times of 5 ns between 1 volt and 2 volts. 

Output load of 15 mA and 30 pF. 

Speed measurements are taken at the 1.5 volt level. 



TEST LOAD CIRCUIT: 



30 pF 



r 

T 



CAPACITANCE^^' 



Symbol 



Test 



LIMITS 
Min. Typ. Max. Units 






DSi , MD Input Capacitance 

DS2,CLR,STB, DI^-DIg 
Input Capacitance 



12 
9 



pf 
pf 



CoUT 



DO-)— DOs Output Capacitance 



12 



pf 



NOTE: 

(1) This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, VgiAS "^ 2.5V, Vqc - 5V and 
Ta = 25°C. 
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WAVEFORMS 



STB or DSi . DS2 



DSi . DS2 



K 



Y:: 



5v/ \ 1! 



X 






t 



(SEE NOTE BELOW) 



K- to— «^ 



^C== 



.5V 



VOH 



^^ 



tpw 



-^^ — Vol 



v\^ ^15 



)€ 



STB or DSi • DS2 



DSi • DS2 



INT 



1.5V 



K 



— tpD 



.1 



\ 



)v 



h — *pw — — 



i 



NOTE: ALTERNATIVE TEST LOAD H^ 
Vcc 



tR -A 



jdll 



tsET 4* ^H 



V_^ 



-tpw — n*— H ^s 



T 



CL rr 5 IK 



I 
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3214 
INTERRUPT CONTROL UNIT 



The lntel®3214 Interrupt Control Unit 
(ICU) implements multi-level interrupt 
capability for systems designed with 
Series 3000 computing elements. 
The ICU accepts an asynchronous in- 
terrupt strobe from the 3001 Micro- 
program Control Unit or a bit in 
microprogram memory and generates 
a synchronous interrupt acknowledge 
and an interrupt vector which may be 
directed to the MCU or CP Array to 
uniquely identify the interrupt source. 
The ICU is fully expandable in 8-level 
increments and provides the following 
system capabilities: 

Eight unique priority levels per ICU 

Automatic Priority Determination 

Programmable Status 

N-level expansion capability 

Automatic interrupt vector genera- 
tion 



High Performance - 80 ns Cycle Time 

Compatible with Intel 3001 MCU and 
3002 CPE 

8-Bit Priority Interrupt Request Latch 

4-Bit Priority Status Latch 

3-Bit Priority Encoder with Open 
Collector Outputs 

DTL and TTL Compatible 

8-Level Priority Comparator 

Fully Expandable 

24-Pin DIP 



PACKAGE CONFIGURATION 



ELR 
GND 





1 




24 


— 




— 


2 

3 




23 
22 


— 




4 




21 


— 


5 




20 


■~~" 


6 
7 


INTEL® 
3214 


19 
18 


— 


8 




17 


— 


9 




16 


— 


10 




15 


— c 


11 




14 




12 




13 



-ENLG 
-ETLG 



co*«<Tn<in. f o 



o«,'t«>. ao'^ 
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3214 



PIN 



SYMBOL 



NAME AND FUNCTION 



TYPE 



(1) 



1-3 



8-10 



12 
13 



14 



15-22 



23 



B0-B2 



SGS 



lA 



CLK 



ISE 



A0-A2 



24 



ELR 



GND 
ETLG 



ENLG 



R0-R7 



ECS 



Vcc 



Current Status Inputs 

The Current Status inputs carry the binary value modulo 8 of the current 
priority level to the current status latch. 

Status Group Select Input 

The Status Group Select input informs the ICU that the current priority 
level does belong to the group level assigned to the ICU. 

Interrupt Acknowledge 

The Interrupt Acknowledge Output will only be active from the ICU 
(multi-ICU system) which has received a priority request at a level 
superior to the current status. It signals the controlled device (usually 
the processor) and the other ICUs OR-tied on the Interrupt Acknowledge 
line that an interrupt request has been recognized. 

The lA signal also sets the Interrupt Disable flip-flop (it overrides the 
clear function of the ECS input). 

Clock Input 

The Clock input is used to synchronize the interrupt acknowledge with 
the operation of the device which it controls. 

Interrupt Strobe Enable Input 

The Interrupt Strobe Enable input informs the ICU that it is authorized 
to enter the interrupt mode. 

Request Level Outputs 

When valid, the Request Level outputs carry the binary value (modulo 8) 
of the highest priority request present at the priority request inputs or 
stored in the priority request latch. The request level outputs can be- 
come active only with the ICU. which has received the highest priority 
request with a level superior to the current status. 

Enable Level Read Input 

When active, the Enable Level Read input enables the Request Level 
output buffers (Aq— A2). 

Ground 

Enable This Level Group Input 

The Enable This Level Group input allows a higher priority ICU in multi- 
ICU systems to inhibit interrupts within the next lower priority ICU 
(and all the following ICUs). 

Enable Next Level Group Output 

The Enable Next Level Group output allows the ICU to inhibit inter- 
rupts within the lower priority ICU in a multi-ICU system. 

Priority Interrupt Request Inputs 

The Priority Interrupt Request inputs are the inputs of the priority 
Interrupt Request Latch. The lowest priority level interrupt request 
signal is attached to Rq and the highest is attached to R7. 

Enable Current Status Input 

The Enable Current Status input controls the current status latch 
and the clear function of the Interrupt Inhibit flip-flop. 

-H5 Volt Supply 



Active LOW 



Active LOW 



Active LOW 

Open-Collector 

Output 



Active LOW 
Open-Collector 



Active LOW 



Active LOW 



Active LOW 



NOTE: 

(1) Active HIGH, unless otherwise noted. 
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FUNCTIONAL AND LOGICAL DESCRIPTION 



The ICU adds interrupt capability to 
suitably microprogrammed processors 
or controllers. One or more of these 
units allows external signals called 
interrupt requests to cause the pro- 
cessor/controller to suspend execution 
of the active process, save its status, 
and initiate execution of a new task 
as requested by the interrupt signal. 

It is customary to strobe the ICU at 
the end of each instruction execution. 
At that time, if an interrupt request is 
acknowledged by the ICU, the MCU is 
forced to follow the interrupt micro- 
program sequence. 

Figure 1 shows the block diagram of 
the ICU. Interrupt requests pass 
through the interrupt request latch 
and priority encoder to the magnitude 
comparator. The output of the pri- 
ority encoder is the binary equivalent 
of the highest active priority request. 
At the comparator, this value is com- 
pared with the Current Status (cur- 
rently active priority level) contained 
in the current status latch. A request, 
if acknowledged at interrupt strobe 
time, will cause the interrupt flip-flop 
to enter the "interrupt active" state 
for one microinstruction cycle. This 
action causes the interrupt acknowl- 
edge (lA) signal to go low and sets the 
interrupt disable flip-flop. 



The lA signal constitutes the interrupt 
command to the processor. It can 
directly force entry into the interrupt 
service routine as demonstrated in the 
appendix. As part of this routine, the 
microprogram normally reads the re- 
questing level via the request level out- 
put bus. This information which is 
saved in the request latch can be en- 
abled onto one of the processor input 
data buses using the enable level read 
input. Once the interrupt handler has 
determined the requesting level, it 
normally writes this level back into the 
current status register of the ICU. This 
action resets the interrupt disable flip- 
flop and acts to block any further 
request at this level or lower levels. 

Entry into a macro level interrupt ser- 
vice routine may be vectored using the 
request level information to generate a 
subroutine address which corresponds 
to the level. Exit from such a macro- 
program should normally restore the 
prior status in the current status latch. 

The Enable This Level Group (ETLG) 
input and the Enable Next Level Group 
(ENLG) output can be used in a daisy 
chain fashion, as each ICU is capable 
of inhibiting interrupts from all of the 
following ICUs in a multiple ICU 
configuration. 



The interrupt acknowledge flip-flop 
is set to the active LOW state on the 
rising edge of the clock when the 
following conditions are met: 

An active request level (Rq— R?) is 

greater than the current status 

B0-B2 

The interrupt mode (ISE) is active 

ETLG is enabled 

The interrupt disable flip-flop is reset 

When active, the lA signal asynchron- 
ously sets the disable flip-flop and 
holds the requests in the request latch 
until new current status information 
(B0-B2, SGS) is enabled (ECS) into 
the current status latch. The disable 
flip-flop is reset at the completion of 
this load operation. 

During this process, ENLG will be en- 
abled only if the following conditions 
are met: 

ETLG is enabled 

The current status (SGS) does not 
belong to this level group 

There is no active request at this level 

The request level outputs A0-A2 and 
the lA output are open-collector to 
permit bussing of these lines in multi- 
ICU configuration. 



-b- 



INTERRUPT 
REQUEST 
LATCH 



CURRENT 
STATUS 
LATCH 



REQUEST ACTIVITY 



-^> 



o 



^ 



^ 
^ 



^o 



H>- 



Figure 1. 3214 Block Diagram. 
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D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

Ceramic -65°C to +75°C 

Plastic 0°Cto+75°C 

Storage Temperature -65°C to +160°C 

All Output and Supply Voltages -O.SV to +7V 

Alllnput Voltages -1.0Vto+5.5V 

Output Currents 100mA 

'COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 



T^ = 0°C to +75°C, Vcc = 5.0V ±5% 



SYMBOL 


PARAMETER 




MIN 


LIMITS 
TYpd) 


MAX 


UNIT 


CONDITIONS 


Vc 


Input Clamp Voltage (all 


inputs) 






-1.0 


V 


\q = -5 mA 


'f 


Input Forward Current: 


ETLG input 
all other inputs 




-.15 
-.08 


-0.5 
-0.25 


mA 
mA 


Vf = 0.45 V 


•r 


Input Reverse Current: 


ETLG input 
all other inputs 






80 
40 


/iA 


Vr = 5.25V 


V|L 


Input LOW Voltage: 


all inputs 






0.8 


V 


Vcc = ^-ov 


V|H 


Input HIGH Voltage: 


all inputs 


2.0 






V 


Vcc = 5.0V 


'cc 


Power Supply Current ^^' 


1 




90 


130 


mA 




Vol 


Output LOW Voltage: 


all outputs 




.3 


.45 


V 


Iql = 15 mA 


VOH 


Output HIGH Voltage: 


ENLG output 


2.4 


3.0 




V 


l0H=-1 mA 


»os 


Short Circuit Output Current: ENLG output 


-20 


-35 


-55 


mA 


Vcc = 5.0V 


'CEX 


Output Leakage Current: 


lAand 
A(r)-A2 t3utputs 






100 


iuA 


VcEX = 5.25V 



NOTES: 

(1) 

(2) 



Typical values are for T^ = 25° C and nominal supply voltage. 

^0~^2' ^^^' ^l-l^' '^0"f^4 grounded, all other inputs and all outputs open. 
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A.C. CHARACTERISTICS 

Ta = 0°C to +75°C, Vcc = +5V ± 5% 



SYMBOL 



PARAMETER 



MIN 



LIMITS 
TYP^l^ MAX 



UNIT 



tpw 

^ISS 

t|SH 

^ETCS^ 

^ETCH^ 

tECCS^ 

^ECCH^ 

^ECRS^ 

^ECRH^ 

^ECSS^ 

^ECSH^ 

tRCS^ 
tRCH^ 
t|CS 



tRIs" 

tRIH^ 

tRA 

^ELA 

tECA 

^ETA 



CLK Cycle Time 

CLK, ECS, lA Pulse Width 

Interrupt F lip-Flop Next State Determination: 

ISE Set-Up Time to CLK 

ISE Hold Time After CLK 

ETLG Set-Up Time to CLK 

ETLG Hold Time After CLK 

ECS Set-Up Time to CLK (to clear interrupt inhibit prior to CLK) 

ECS Hold Time After CLK (to hold interrupt inhibit) 

ECS Set-Up Time to CLK (to enable new requests through the request latch) 110 

ECS Hold Time After CLK (to hold requests in request latch) 

ECS Set-Up Time to CLK (to enable new status through the status latch) 75 

ECS Hold Time After CLK (to hold status in status latch) 

SGS and B0-B2 Set-Up Time to CLK (current status latch enabled) 70 

SGS and B0-B2 Hold Time After CLK (current status latch enabled) 

R0-R7 Set-Up Time to CLK (request latch enabled) 90 

R0-R7 Hold Time After CLK (request latch enabled) 

lA Set-Up Time to CLK (to set interrupt inhibit F.F. before CLK) 55 

CLK to lA Propagation Delay 

Contents of Request Latch and Request Level Output Status Determination: 

R0-R7 Set-Up Time to lA 10 

R0-R7 Hold Time After lA 35 

R0-R7 to A0-A2 Propagation Delay (request latch enabled) 

ELR to A0-A2 Propagation Delay 

ECS to A0-A2 Propagation Delay (to enable new requests through request latch) 

ETLG to A0-A2 Propagation Delay 



80 




25 


15 


16 


12 


20 


10 


25 


12 


20 


10 


80 


25 








70 



70 



50 



55 



35 




15 


25 







20 




80 


100 


40 


55 


100 


120 


35 


70 
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A.C. CHARACTERISTICS (CONT) 



SYMBOL 



PARAMETER 



LIMITS 
MIN TYP^"^^ MAX ^"^'^ 



Contents of Current Priority Status Latch Determination: 
^DECS^ SGS and B0-B2 Set-Up Time to ECS 15 10 

^DECH^ SGS and B0-B2 Hold Time After ECS 15 10 

Enable Next Level Group Determination: 

tp^l^l ^0"^? to ENLG Propagation Delay 

^ETEN ETLG to ENLG Propagation Delay 

^ECRN ^^^ ^° ENLG Propagation Delay (enabling new request through the 

request latch) 

^ECSN ECS to ENLG Propagation Delay (enabling new SGS through status latch) 35 55 



45 


70 


20 


25 


85 


90 



NOTES 

(1) 

(2) 

(3) 

(4) 

(5) 



Typical values are for T^ = 25°C and nominal supply voltage. 

Required for proper operation if ISE is enabled during next clock pulse. 

These times are not required for proper operation but for desired change in interrupt flip-flop. 

Required for new request or status to be properly loaded. 

tCY = t|cs + tCI 



TEST CONDITIONS: 

Input pulse amplitude: 2.5 volts. 

Input rise and fall times: 5 ns between 1 and 2 volts. 

Output loading of 15 mA and 30 pf. 

Speed measurements taken at the 1.5V levels. 



TEST LOAD CIRCUIT 




CAPACITANCE^^' 



Ta = 25°C 



SYMBOL 



PARAMETER 



MIN 



LIMITS ,,.,,_ 

TYP(1) MAX ^'^'^ 



C|fy| Input Capacitance 

CoUT Output Capacitance 

TEST CONDITIONS: 

Vbias = 2.5V, Vcc = 5V, T^ = 25°C, f = 1 MHz 



10 
12 



pf 
pf 



NOTE: 



(5) 



This parameter is periodically sampled and not 100% tested. 
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D.C. AND OPERATING CHARACTERISTrCS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

CerDip -55°C to +125°C 

Storage Temperature . -65°C to +160°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0Vto+5.5V 

Output Currents . 100mA 

*COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 



Ta= -55°C to +125 C; Vcc = 5.0V ± 10% 



SYMBOL 


PARAMETER 




MIN 


LIMITS 
TYPH) 


MAX 


UNIT 


CONDITIONS 


Vc 


Input Clamp Voltage (all inputs) 






-1.2 


V 


lc=-5mA 


«F 


Input Forward Current: 


ETLG input 
all other inputs 




-.15 
-.08 


-0.5 
-0.25 


mA 
mA 


Vp = 0.45V 


•r 


Input Reverse Current: 


ETLG input 
all other inputs 






80 
40 


AtA 


Vp = 5.5V 


V|L 


Input LOW Voltage: 


all inputs 






0.8 


V 


Vcc = 5-OV 


V|H 


Input HIGH Voltage: 


all inputs 


2.0 






V 


Vcc = 5.0V 


'cc 


Power Supply Current(2) 






90 


130 


mA 




Vol 


Output LOW Voltage: 


all outputs 




.3 


.45 


V 


IOL=''0n^A 


VOH 


Output HIGH Voltage: 


ENLG output 


2.4 


3.0 




V 


l0H = -1 mA 


'os 


Short Circuit Output Current: ENLG output 


-15 


-35 


-55 


mA 


Vcc = 5.0V 


'CEX 


Output Leakage Current: 


lAand 
A0-A3 outputs 






100 


//A 


VcEX = 5.5V 



NOTES; 

(1) 

(2) 



Typical values are for T^ = 25°C and nominal supply voltage. 

B0-B2, SGS, CLK, R0-R4 grounded, all other inputs and all outputs open. 
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A.C. CHARACTERISTICS 

Ta= -55°C to +125°C; Vqc = 5.0V ± 10% 



SYMBOL 



PARAMETER 



MIN 



TYpd) MAX ^^'^ 



tpw 

^ISS 
^ISH 

^ETCH^ 
^ECCS^ 
tECCH^ 
^ECRS^ 
^ECRH^ 
^ECSS^ 
^ECSH^ 

tRCS^ 
tRCH^ 
t|CS 



tRIs" 

tRIH^ 

^RA 

^ELA 

^ECA 

^ETA 



CLK Cycle Time<5) 
CLK, ECS, lA Pulse Width 
Interrupt F lip-Flop Next State Determination: 
ISE Set-Up Time to CLK 
iSE Hold Time After CLK 
ETLG Set-Up Time to CLK 
ETLG Hold Time After CLK 

ECS Set-Up Time to CLK (to clear interrupt inhibit prior to CLK) 
ECS Hold Time After CLK (to hold interrupt inhibit) 
ECS Set-Up Time to CLK (to enable new requests through the request latch) 110 
ECS Hold Time After CLK (to hold requests in request latch) 

ECS Set-Up Time to CLK (to enable new status through the status latch) 85 

ECS Hold Time After CLK (to hold status in status latch) 

SGS and B0-B2 Set-Up Time to CLK (current status latch enabled) 90 

SGS and B0-B2 Hold Time After CLK (current status latch enabled) 

R0-R7 Set-Up Time to CLK (request latch enabled) 100 

R0-R7 Hold Time After CLK (request latch enabled) 

lA Set-Up Time to CLK (to set interrupt inhibit F.F. before CLK) 55 

CLK to lA Propagation Delay 

Contents of Request Latch and Request Level Output Status Determination: 
R0-R7 Set-Up Time to lA 10 

R0-R7 Hold Time After lA 35 

R0-R7 to A0-A2 Propagation Delay (request latch enabled) 
ELR to A0-A2 Propagation Delay 

ECS to A0-A2 Propagation Delay (to enable new requests through request latch) 
ETLG to A0-A2 Propagation Delay 



85 




25 


15 


16 


12 


20 


10 


25 


12 


20 


10 


85 


25 








70 



70 



50 



55 



35 




15 


30 







20 




80 


100 


40 


55 


100 


130 


35 


70 
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A.C. CHARACTERISTICS (CONT) 



SYMBOL 



PARAMETER 



LIMITS 
MIN TYP^I^ MAX 



UNIT 



Contents of Current Priority Status Latch Determination: 
^DECS^ SGS and B0-B2 Set-Up Time to ECS 20 10 

^DECH^ SGS and B0-B2 Hold Time After ECS 20 10 

Enable Next Level Group Determination: 

tp£[yj R0-R7 to ENLG Propagation Delay 

^ETEN ^TLG to ENLG Propagation Delay 

^ECRN ^^^ t° ENLG Propagation Delay (enabling new request through the 

request latch) 

^ECSN ^^S t° ENLG Propagation Delay (enabling new SGS through status latch) 35 55 



45 


70 


20 


30 


85 


110 



NOTES: 

(1) 

(2) 



(5) 



Typical values are for T^ = 25 C and nominal supply voltage. 

Required for proper operation if ISE is enabled during next clock pulse. 

These times are not required for proper operation but for desired change in interrupt flip-flop. 

Required for new request or status to be properly loaded. 

tCY = t|cs + tci 



TEST CONDITIONS: 

Input pulse amplitude: 2.5 volts. 

Input rise and fall times: 5 ns between 1 and 2 volts. 

Output loading of 15 mA and 30 pf. 

Speed measurements taken at the 1.5V levels. 



TEST LOAD CIRCUIT 




CAPACITANCE<5^ 



Ta = 25°C 



SYMBOL 



PARAMETER 



LIMITS 
MIN TYP^l^ MAX 



C|(sj Input Capacitance 

CquT Output Capacitance 

TEST CONDITIONS: 

Vbias = 2.5V, Vcc = 5V, T^ = 25°C, f = 1 MHz 



10 
12 



pf 
pf 



NOTE 
(5)Thi 



This parameter is periodically sampled and not 100% tested. 
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3214 



X 



XIZX 



'RCH tRis 



^ 'de 

ECS \ 



tx 



xzz 

-^- 'etch 

xpcz: 



y 



-'ECRH 

■'ecch 



"V 



'CY 



X 



X 



X 
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X 
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iny 



3216/3226 
PARALLEL BIDIRECTIONAL BUS DRIVER 



The INTEir3216 is a high-speed 4-bit 
Parallel, Bidirectional Bus Driver. Its 
three-state outputs enable it to isolate 
and drive external bus structures 
associated with Series 3000 systems 

The INTEL 3226 is a high-speed 4-bit 
Parallel, Inverting Bidirectional Bus 
Driver. Its three-state outputs enable 
it to isolate and drive external bus 
structures associated with Series 3000 
systems. 

The 321 6/3226 driver and receiver gates 
have three state outputs with PNP 
inputs. When the drivers or receivers 
are tri-stated the inputs are disabled, 
presenting a low current load, typically 
less than 40 //amps, to the system bus 
structure. 



High Performance— 25 ns typical 

propagation delay 

Low Input Load Current-0.25 mA 

maximum 

High Output Drive Capability for 

Driving System Data Busses 

Three-State Outputs 

TTL Compatible 

16-pin DIP 



PACKAGE CONFIGURATION 



cs- 

DOo- 



1 

2 




16 
15 






3 




14 


4 
5 


«^ 13 
NTEL® 
3216 ^2 


6 




11 


7 




10 


8 




9 



3216 





1 
2 




16 
15 


OS 




DOo 




DBq 


3 




14 


DIo 


4 


NTEL® 'H 


DOi 


5 


3226 


12 


DB,— O 


6 




n 


Dli 


7 




10 


GND 


8 




9 



-Vcc 
-DCE 



3226 



LOGIC DIAGRAM 3216 



DOjO— 






F — & 



LOGIC DIAGRAM 3226 



DIjO- 



DOjO— 



DO3O- 



4: 



£_^ 



9-44 



3216,3226 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

Ceramic -65°Cto+75°C 

Plastic 0°Cto+75°C 

Storage Temperature -65°C to +160°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0Vto+5.5V 

Output Currents . 125 mA 

"COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is 
not implied. 

Ta = 0°C to +75° C, Vcc = +5.0V ±5% 



Symbol Parameter 



Min. 



Limit 
Typ. 



Max. 



Unit 



Condition 



If 


Input Load Current 
DCE, CS Inputs 
All Other Inputs 




-0.15 
-0.08 


-0.5 
-0.25 


mA 
mA 


Ir 


Input Leakage Current 
DCE, CS Inputs 
Dl Inputs 






80 
40 


MA 
/iA 


Vc 


Input Clamp Voltage 






-1 


V 


V|L 


Input Low Voltage 






0.95 


V 


V|H 


Input High Voltage 


2.0 






V 


V0L1 


Output Low Voltage 
DO, DB Outputs 




0.3 


0.45 


V 


VoL2 


Output Low Voltage 
DB Outputs Only 




0.5 


0.6 


V 


VOHI 


Output High Voltage 
DO Outputs Only 


3.65 


4.0 




V 


VoH2 


Output High Voltage 
DB Outputs Only 


2.4 


3.0 




V 


isc 


Output Short Circuit Current 
DO Outputs 
DB Outputs 


-15 
-30 


-35 
-75 


-65 
-120 


mA 
mA 


lo| 


Output Leakage Current 
High Impedance State 

DO Outputs 

DB Outputs 






20 
100 


/iA 



Vf = 0.45V 

Vr = 5.25V 

Ic = -5mA 
Vcc = 5.0V 
Vcc = 5.0V 



DO Outputs loL=15mA 
DB Outputs loL=25mA 

DB Outputs loL = 50mA 



IOH=-1niA 



loH=-10rnA 



Vcc = 5.0V 



Vo=0.45V/5.25V 



'cc 



Power Supply Current 3216 
3226 



95 
85 



130 
120 



mA 
mA 



NOTE: Typical values are for T^ = 25°C 
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3216,3226 



A.C. CHARACTERISTICS Ta = o°c to +75° c, Vcc = +5.0V ±5% 



Symbol Parameter 



Min. 



Limit 
Typ. 



Max. 



Unit 



Condition 



5 Cl=30pF, Ri=300n, 

R2=600n 

5 Cl=300pF, R 1=9012, 

R2=180f2 

s{2) DO Outputs: Cl=30pF, 

Ri =300^/1 OKH, 
R2=60012/1K12 

DB Outputs: Cl=300pF, 

Rl=90n/10Kr2, 

R2=180n/1Kr2 

is(2) DO Outputs: Cl=5pF, 

Rl=300n/10Ka 
R2=600n/1Kn 

DB Outputs: Cl=5pF, 

Rl=90n/10Kn, 

R2=180n/1Kf2 



TPD1 
TpD2 
Te 



Td 



Input to Output Delay 321 6 

DO Outputs 3226 

Input to Output Delay 321 6 

DB Outputs 3226 



Output Enable Time 
DCE, CS 



3216 
3226 



Output Disable Time 
DCE, CS 



15 


25 


14 


25 


19 


30 


16 


25 


42 


65 


36 


54 



35 



NOTE: (1) Typical values are for T^ = 25°C and nominal supply voltage. 

(2) The test load circuit Is set for worst case source and sink loading on the outputs. The two resistor values for R1 and R2 correspond to 
worst c:ase sink and source loading, respectively. 



CAPACITANCE^^* Ta = 25°C 



Symbol 


Parameter 


Limit 
MIn. Typ. Max. 


Unit 


C|N 


Input Capacitance 


4 6 


pF 


COUT 


Output Capacitance 
DO Outputs 
DB Outputs 


6 10 
13 18 


PF 
pF 



Note: 

(2) This paranneter is periodically sampled and is not 100% tested. 

Condition of measurement is f = 1 MHz, VgiAS "^ 2.5V, 

Vcc=5.0VandTA = 25°C. 



WAVEFORMS 



TEST CONDITIONS: 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 



TEST LOAD CIRCUIT; 



INPUTS -J 


(r_ 






'pd 


















OUTPUT \ 
ENABLE y 


( ■•■ ) 


( 




'e 




<d 1 


0.5V 






1 


1 






) 


( ^ 




OUTPUTS 1.5V 










_y 


\ 


r 
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M3216,M3226 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 

Ceramic -65°Cto+75°C 

Storage Temperature -65°C to +160°C 

All Output and Supply Voltages -0.5V to +7V 

Alllnput Voltages -1.0Vto+5.5V 

Output Currents 125 mA. 

"COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specification is 
not implied. 



Ta = -55°C to +1 25° C, Vcc = +5.0V ±10% 



Symbol 


Parameter 


Min. 


Limit 
Typ. 


Max. 


Unit 


Condition 


If 


Input Load Current 
DCE, CS Inputs 
All Other Inputs 




-0.15 
-0.08 


-0.5 
-0.25 


mA 
mA 


Vf = 0.45V 


Ir 


Input Leakage Current 
DCE, CS Inputs 
Dl Inputs 






80 
40 


/iA 


Vr = 5.5V 


Vc 


Input Clamp Voltage 






-1.2 


V 


Ic = -5mA 


V|L 


Input Low Voltage M3216 
M3226 






0.95 
0.90 


V 
V 


Vcc = 5.0V 


V|H 


Input High Voltage 


2.0 






V 


Vcc = 5.0V 


VoLI 


Output -Low Voltage 
DO, DB Outputs 




0.3 


0.45 


V 


DO Outputs loL=15mA 
DB Outputs loL=25mA 


V0L2 


Output Low Voltage 
DB Outputs Only 




0.5 


0.6 


V 


DB Outputs Iql = 45mA 


VOHI 


Output High Voltage 
DO Outputs Only 


3.4 


3.8 




V 


loH=-0-5mA 
loH=-2.0mA 


V0H2 


Output High Voltage 
DB Outputs Only 


2.4 


3.0 




V 


l0H=-5mA 


isc 


Output Short Circuit Current 
DO Outputs 
DB Outputs 


-15 
-30 


-35 
-75 


-65 
-120 


mA 
mA 


Vcc = 5.0V 


|lo| 


Output Leakage Current 
High Impedance State 

DO Outputs 

DB Outputs 






20 
100 


MA 

ma 


Vo=0.45V/5.5V 


Ice 


Power Supply Current M3216 
M3226 




95 
85 


130 
120 


mA 
mA 





NOTE: Typical values are for T^ = 25°C 
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M3216,M3226 



A.C. CHARACTERISTICS Ta = -55°C to +125° C, Vcc = 5.0V ±10% 



Symbol Parameter 



Min. 



Limit 
Typ. 



Max. 



Unit 



Condition 



TpDl 



TpD2 



Td 



Input to Output Delay 
DO Outputs 

Input to Output Delay M3216 
DB Outputs M3226 

Output Enable Time M3216 
M3226 



Output Disable Time M3216 
M3226 



15 



25 



19 


33 


16 


25 


42 


75 


36 


62 



s(2) 



16 
16 



40 
38 



s(2) 



Cl=30pF,Ri =30012, 
R2=600I2 

Cl=300pF, Ri=90n, 
R2=180n 

DO Outputs: Cl=30pF, 

Rl=300r2/10K!:2, 

R2=600J2/1Kn 

DB Outputs: Cl=300pF, 
Rl =9012/1 OKa 
R 2=1 8012/1 Kr2 

DO Outputs: CL=5pF, 
R 1=30012/1 OK J2, 
R 2=60012/1 K12 

DB Outputs: Cl=5pF, 
Rl =9012/1 0K12, 
R 2=1 8012/1 K12 



NOTE: (1) Typical values are for T^ = 25*'C and nominal supply voltage. 

(2) The test load circuit Is set for worst case source and sink loading on the outputs. The two resistor values for Rl and R2 correspond to 
worst case sink and source loading, respectively. 



CAPACITANCE*^^ Ta = 25°C 



Symbol 


Parameter 


Min. 


Limit 
Typ. Max. 


Unit 


C|N 


Input Capacitance 




4 6 


PF 


COUT 


Output Capacitance 
DO Outputs 
DB Outputs 




6 10 
13 18 


PF 
pF 



Note: 

(2) Thisparanneter is periodically sampled and is not 100% tested. 

Condition of measurement is f = 1 MHz, VbiaS ~ 2.5V, 

Vcc=5.0VandTA = 25°C. 



WAVEFORMS 



OUTPUTS 1.5V 



TEST CONDITIONS: 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 



TEST LOAD CIRCUIT; 
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10 



DEVELOPMENT SYSTEMS 




MICROCOMPUTER DEVELOPMENT SYSTEMS 

This section contains information necessary to select the appropriate Intel design aids required to facilitate microprocessor 
hardware and software development. Design aids cover the broad range from the Intellec® IVIDS system with its in-circuit 
emulator options for both the Intel 8080 (ICE-80) and the Series 3000 Bipolar Microcomputer (ICE-30), to the extensive User's 
Program Library and a selection of 3 and 4 day Microcomputer Workshops. The purpose of development aids is to shorten the 
design cycle and thus save time and money in the development and production of microcomputer-based products. 





Type 


Description 


Page No. 


C/3 
LU 

H 
c/3 

>■ 
CO 

h- 

Ul 

a. 
o 

~J 

LU 

> 
LU 

o 


Intellec® MDS-800 


Intellec® MDS-800 


10-3 


Diskette Operating System 


10-8 


Universal Prom Programmer 


10-13 


High Speed Paper Tape Reader 


10-14 


In Circuit Emulator -ICE-80 


10-15 


In Circuit Emulator -ICE-30 


10-18 


ROM Simulators 


10-21 


Intellec® 8/M0D/8 


Intellec 8/MOD 8 


10-23 


High Speed Paper Tape Reader 


10-24 


Barebones 


Barebones 80 


10-25 


Intellec® 4/M0D/40 


Intellec 4/MOD 40 


10-27 


High Speed Paper Tape Reader 


10-28 


2 

co ZZ 
UJ ^ 

a 


SDK-80 


8080 System Design Kit 


10-29 


CO 

LU 

~J 

a 

o 

oc 

LU 

1- 

a. 

o 
o 
o 
cc 


imm 4-42 


Central Processor Module 


10-31 


imm 4-43 


Central Processor Module 


10-31 


Imm 4-60 


Input/Output 


10-31 


imm 4-22 


Datastorage Module 


10-31 


imm 4-24 


Data Storage Module 


10-31 


imm 8-82 


Central Processor Module 


10-32 


imm 8-80 


Input/Output Module (8008) 


10-32 


imm 8-81 


Input/Output Module (8080) 


10-32 


Imm 8-62 


Output Module (8008) 


10-32 


imm 8-63 


Output Module (8080) 


10-32 


imm 8-82 


Central Processor Module (8008) 


10-32 


imm 8-83 


Central Processor Module (8080) 


10-32 


imm 6-26 


PROM Memory Module 


10-33 


imm 6-28 


RAM Memory Module 


10-33 


imm 6-70 


Universal Prototype Module 


10-33 


imm 6-72 


Module Extender 


10-33 


imm 6-76 


PROM Programmer Module 


10-33 


Conversion Kits 


Conversion Kits 


10-33 


LU 

o 


SBC 80/10 


OEM Computer System 


10-34 


LU 

CE 

1 

LI. 

o 

00 


MAC 40 


Microcomputer Software Products 


10-36 


MCS-40TM Cross Assembler 


10-37 


INTERP40 


4004/4040 Simulator 


10-39 


MAC 8 


MCS-8TM Cross Assembler 


10-38 


INTERP/8 


8008 Simulator 


10-40 


MAC 80 


MCS-80TM Cross Assembler 


10-41 


INTERP/80 


8080 Simulator 


10-42 


PL/MTM 


PL/MTM Cross Compilers for MCS-8/MCS-80 


10-43 


CROMIS 


Series 3000 Cross Microprogramming System 


10-45 


User's Library 


User's Program Library 


10-46 


4-Bit Library Index 


10-47 


8-Blt Library Index 


10-49 




User's Library Submittal Form 


10-57 




Training 


Microcomputer Training Program 


10-59 
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Intel 



MDS-800 INTELLECT MDS 
MICROCOMPUTER DEVELOPMENT SYSTEM 



Modular microcomputer development system for develop- 
ment and implementation of MCS^'^-80 and Series 3000 
Microcomputer Systems 

Intel 8080 microprocessor, with 2 jus cycle time and 78 
instructions, controls all Intellec MDS functions. 

16K bytes RAM memory expandable to 64K bytes. 

2K bytes ROM memory expandable to 14K bytes. 

Hardware interfaces and software drivers provided for TTY, 
CRT, line printer, high speed paper tape reader, high speed 
paper tape punch, and Universal PROM Programmer. 

Universal bus structure with multiprocessor and DMA 
capabilities. 

Eight level nested, maskable, priority interrupt system. 



Optional PROM programmer peripheral capable of pro- 
gramming all Intel PROMs. 

ICE (In-Clrcuit Emulator) options extend Intellec MDS 
diagnostic capabilities into user configured system allowing 
real time emulation of user processors. 

Optional I/O modules expandable in groups of four 8-bit 
input and output ports to a maximum of 88 ports (all TTL 
compatible). 

ROM resident system monitor includes all necessary func- 
tions for program loading, debugging, and execution. 

RAM resident macro assembler used to assemble all 8080 
machine instructions with full macro and conditional as- 
sembly capabilities. 

RAM resident text editor with powerful string search, sub- 
stitution, insertion, and deletion commands. 



The Intellec® MDS is a modular microcomputer development system containing all necessary hardware and software to develop 
and implement Intel MCS ' -80 and Series 3000 microcomputer systems. The addition of MDS options and peripherals provides 
the user with a complete in-circuit microcomputer development system, supporting product design from program development 
through prototype debug, to production and field test. 
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DEVELOPMENT SYSTEMS 



MDS-800 



INTELLEC® MDS HARDWARE 

The standard Intel lee® MDS consists of four microcom- 
puter modules (CPU, 16K RAM Memory, Front Panel Con- 
trol, and Monitor), an interconnecting printed circuit 
motherboard, power supplies, fans, a chassis, and a front 
panel. Modular expansion capability is provided by 14 
additional sockets on the motherboard. 

The CPU module uses Intel's powerful NMOS 8-bit 8080 
microprocessor. The 8080's 2 jjls cycle time, 78 instruc- 
tions, unlimited subroutine nesting, vectored interrupt, and 
DMA capabilities are fully utilized by the Intellec MDS. 
Bus control logic resolves bus contention conflicts between 
the CPU module and other modules capable of acquiring 
control of the bus. The CPU module interfaces with a six- 
teen line address bus and a bidirectional eight line data bus. 
8080 status signals are decoded and utilized for memory 
and I/O operations. An eight-level, nested interrupt priority 
system, complete with an interrupt priority push-down 
stack, resolves contention for 8080 interrupt servicing. 

The RAM memory module contains 16K bytes of Intel 

2107 dynamic RAM which operates at full processor 

speed. All necessary address decoding and refresh logic is 
contained on the module. 

The front panel control module provides system initializa- 
tion, priority arbitration, and real time clock functions. 
System initialization routines reside in a 256 byte, PROM 
resident, bootstrap loader. An eight-level priority arbitra- 
tion network resolves bus contention requests among poten- 
tial bus masters. A 1 ms interrupt request generator, which 
can be disabled under program control, provides real time 
clock functions. A 10 ms automatic time-out feature is also 
provided to force an interrupt request if nonexistent mem- 
ory or I/O is addressed. 

The Monitor module contains the Intellec MDS system 
monitor and all Intellec MDS peripheral interface hardware. 
The system monitor resides in a 2K byte Intel 8316 ROM. 
The module contains all necessary control and data transfer 
circuitry to interface with the following Intellec MDS 
peripherals: 

• Teletype 

• CRT 

• High Speed Paper Tape Reader 

• High Speed Paper Tape Punch 

• PROM Programmer 

• Line Printer 

The Intellec MDS universal bus structure enables several 
CPU and DMA devices to share the bus by operating at dif- 
ferent priority levels. Resolution of bus exchanges is syn- 
chronized by a bus clock signal which is derived independ- 
ently from processor clocks. Read/write transfers may take 
place at rates up to 5 MHz. The bus structure contains pro- 
visions for up to 16-bit address and data transfers and is not 
limited to any one Intel microcomputer family. 

The Intellec MDS front panel is intended to augment the 
primary user interaction medium, the system console. The 
simplicity of the front panel coupled with the power of the 
system monitor provides an efficient user/I ntellec interface. 
The front panel contains eight interrupt request switches 
with corresponding indicators, CPU RUN and HALT status 



indicators, a bootstrap loader switch, RESET switch, and a 
POWER ON switch and indicator. 

The basic intellec MDS capabilities may be significantly en- 
hanced by the addition of the following optional features. 

ICE (In-Circuit Emulator) extends Intellec MDS diagnositc 
capabilities into user configured systems. The Intellec MDS 
resident ICE processor operates in conjunction with the 
MDS host CPU and interfaces to the user system via an ex- 
ternal cable. The ICE processor replaces the user system 
processor providing real time emulation capability. MDS 
resident memory and I/O may be substituted for equivalent 
user system elements, allowing the hardware designer to 
sequentially develop his system by integrating MDS and user 
system hardware. MDS display and debug hardware elimi- 
nate the need for specially constructed user system equiva- 
lents. Augmenting these capabilities are such powerful ICE 
debug functions as setting breakpoints, tracing program 
flow, single stepping, examining and altering CPU registers 
and memory locations. 

The Universal PROM Programmer is an Intellec MDS periph- 
eral capable of programming and verifying the following 
Intel PROMs: 1702A, 2704, 2708, 3601, 3604, 3624, 
8702A, 8704, and 8708. Programming and verification 
operations are initiated from the Intellec MDS system con- 
sole and are controlled by programs resident in the Intellec 
MDS and Universal PROM Programmer. 

The addition of a single or dual drive Diskette Operating 
System significantly reduces program development time. 
An intelligent controller, constructed around Intel's power- 
ful Series 3000 computing elements, provides diskette 
interface and control. Intel's software operating system 
(I DOS) in conjunction with the diskette operating system 
hardware provides a highly efficient and easy to use method 
of assembling, editing, and executing programs. 

Customized user I/O requirements may be satisfied by 
adding I/O modules. Each 1/0 module contains four 8-bit 
input ports (latched or unlatched), four 8-bit latched out- 
put ports (with adjustable strobe pulses), and eight system 
interrupt lines. All inputs and outputs are TTL compatible. 
Optional I/O may be expanded to a maximum of 44 input 
and 44 output ports. 

Memory may be expanded by adding RAM or PROM mod- 
ules in user defined combinations. Up to 64K bytes of RAM 
may be added in 16K byte increments. PROM (Intel 8702A) 
may be added in 256 byte increments by adding PROM 
modules with socket capacity for 6K bytes and populating 
each module with the desired number of PROMs. Maximum 
PROM capacity is 12K bytes. RAM/PROM memory overlap 
is resolved by giving PROM priority. 

DMA (direct memory access) modules work in conjunction 
with the Intellec MDS universal bus to maximize the effi- 
ciency of data transfers between MDS memory and selected 
I/O devices. Each module contains all the necessary control 
and data transfer logic to implement a complete DMA 
channel. 

A ROM simulator composed of high speed bipolar RAM 
emulates Series 3000 bipolar microprogram ROM memory. 
Each ROM simulator module may be used in 512 X 16 or 
1024 X 8 configurations. 
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MDS-800 



DEVELOPMENT SYSTEMS 



INTELLEC® MDS SOFTWARE 

Resident software provided with the Intellec® iVIDS 
includes the system monitor, 8080 macro assembler and 
text editor. Used together, these three programs simplify 
program preparation and speed the debugging task. 

The system monitor provides complete control over opera- 
tion of the Intellec MDS. All necessary functions for pro- 
gram loading and execution are provided. Additional com- 
mands provide extensive debug facilities and PROM pro- 
gramming functions. System peripherals may be dynami- 
cally assigned either via monitor commands or through calls 
to the system monitor's I/O subroutines. 

Programs may be loaded from the reader device in either 
BNPF or hexadecimal format. Utility commands which aid 
in the execution and checkout of programs include: 

• initialize memory to a constant 

• move a block of memory to another location 

• display memory 

• modify RAM memory 

• examine and modify CPU registers 

• set breakpoints 

• initiate execution at any given address 

• perform hexadecimal arithmetic 

• examine and modify the interrupt mask 

The Intellec MDS System Monitor contains a powerful and 
easily expandable input/output system, which is built 
around four logical device types; console device, reader 
device, punch device and list device. Associated with each 
logical device may be any one of four physical devices. The 
user controls physical device assignment to each logical 
device through a System command. 

Drivers are provided in the system monitor for the Universal 
PROM Programmer, ASR 33 teletype, high speed paper 
tape reader, high speed paper tape punch, line printer, and 
CRT. The user may write his own drivers for other periph- 
eral devices and easily link them to the system monitor. 

All system peripherals may be accessed simply by calling 
I/O subroutines in the system monitor. In addition, the user 
may dynamically reconfigure his system by monitor com- 
mands or by calling system subroutines which can assign a 
different physical device to each logical device. The user 
may also determine the current system peripheral configu- 
ration, check I/O status and determine the size of available 
memory. 

The monitor is written in 8080 Assembly Language and 
resides in 2K bytes of ROM memory. 

The Intellec MDS Resident Assembler translates symbolic 
8080 assembly language instructions into the appropriate 
machine operation codes. In addition to eliminating the 
errors of hand translation, the ability to refer to program 
addresses with symbolic names makes it easy to modify 
programs by adding or deleting instructions. Full macro 
capability eliminates the need to rewrite similar sections of 
code repeatedly and simplifies program documentation. 



Conditional assembly permits the assembler to include or 
delete sections of code which may vary from system to 
system, such as the code required to handle optional 
external devices. 

The assembler performs its function in three passes. The 
first pass builds the symbol table. The second pass pro- 
duces a source listing and provides error diagnostics. The 
third pass produces the object code. If the punch and list 
devices are separate (e.g. a high speed punch or printer is 
available) passes 2 and 3 may be combined into one pass. 

Object code produced by the assembler is in hexadecimal 
format. It may be loaded directly into the Intellec MDS for 
execution and debugging or may be converted by the sys- 
tem monitor to BNPF format for ROM programming. 

The assembler is written in PL/M^'^-80, Intel's high level 
systems programming language. It occupies 12K bytes of 
RAM memory including space for over 800 symbols. The 
symbol table size may be expanded to a maximum of 6500 
symbols by adding RAM memory. All I/O in the assembler 
is done through the system monitor, enabling the assembler 
to take advantage of the monitor's I/O system. The assem- 
bler is shipped in hexadecimal object format on paper tape 
or diskette and is standard with each Intellec MDS. 

The Intellec MDS editor is a comprehensive tool for the 
entry and correction of assembly language programs for the 
Intel 8080 microcomputer. Its command set allows manipu- 
lation of either entire lines of text or individual characters 
within a line. 

Programs may be entered directly from the console key- 
board or from the system reader device. Text is stored 
internally in the editor's workspace, and may be edited 
with the following commands: 

• string insertion or deletion 

• string search 

• string substitution 

To facilitate the use of these editing commands, utility 
commands are used to change positions in the workspace. 
These include: 

• move pointer by line or by character 

• move pointer to start of workspace 

• move pointer to end of workspace 

The contents of the workspace may be listed to the system 
console or written to the system list or punch device for 
future use. 

The text editor is written in PL/M "^-SO. It occupies 8K 
bytes of RAM memory, including over 4500 bytes of work- 
space. The workspace may be expanded to a maximum of 
58K bytes by adding RAM memory. All I/O in the editor is 
done through the system monitor, enabling the editor to 
take advantage of the monitor's I/O system. The editor is 
shipped in hexadecimal object format on paper tape or 
diskette and is standard with each Intellec MDS. 
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HARDWARE SPECIFICATIONS 

WORD SIZE 

Host Processor (Intel 8080) 
Data: 8 bits 
Instruction, 8, 16, or 24 bits 

MEMORY SIZE 

RAM: 16K bytes expandable to 64K bytes using optional 
modules. 

ROM: 2K bytes expandable to 14K bytes in 256 byte 
increments using optional PROM modules. 

PROM: 256 bytes expandable to 12K bytes using optional 

modules. 
Total: RAM, ROM and PROM may be combined in user 

defined configurations up to a maximum of 64K 

bytes. 

MACHINE CYCLE TIME 

Host Processor (Intel 8080): 2.0/iS 

BUS TRANSFER RATE 

Maximum bus transfer rate of 5 MHz. 

SYSTEM CLOCKS 

Host Processor (Intel 8080) Clock: Crystal controlled at 

2 MHz ±0.1%. 
Bus Clock: Crystal controlled at 9.8304 MHz ±0.1%. 

I/O INTERFACES 

CRT: 

1 10/300/600/1200/2400/4800/9600 

(selectable). 

7—12 level code (programmable). 

Odd/even (programmable). 

TTL/RS232C (selectable). 



Baud Rates: 

Code Format: 

Parity: 

Interface: 

TTY: 

Baud Rate: 
Code Format: 

Input: 

Output: 

Parity: 

Interface: 

High Speed Paper Tape Reader: 
Transfer Rate: 200 cps. 
Control: 2-bit output. 

1-bit input. 

8- bit byte 

TTL 



110 

10 level or greater. 

11 level. 
Odd. 
20 mA current loop. 



Data: 
Interface: 

Punch: 

Transfer Rate: 
Control: 

Data: 
Interface: 



75 cps 
2-bit output 
1-bit input 
8-bit byte 
TTL 
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NOTES: 

1. PROM PROGRAMMER DATA/STATUS/COMMANDS 

2. HIGH SPEED PUNCH DATA/STATUS/COMMANDS 

3. HIGH SPEED READER DATA/STATUS/COMMANDS 

4. PRINTER DATA/STATUS/COMMANDS 
B. CRT DATA/STATUS/COMMANDS 

6. TTY DATA/STATUS/COMMANDS 

7. FRONT PANEL STATUS/SWITCH INPUTS 

8. USER SYSTEM CPU OR MCU PIN SIGNALS 

9. USER SYSTEM ROM PIN SIGNALS 

10. EIGHT INTERRUPT LINES 

11. FOUR 8B1T OUTPUT PORTS 

12. FOUR 8-BIT INPUT PORTS 

13. DMA DEVICE DATA/STATUS/COMMANDS 

14. DISKETTE DRIVE DATA/STATUS/COMMANDS 



INTELLEC® MDS 
BLOCK DIAGRAM 



Printer: 






Transfer 


Rate: 


165 cps 


Control: 




2-bit status input 
1-bit output 


Data: 




ASCII 


Interface 




TTL 



PROM Programmer: 

Control: 3 strobes for multiplexed output data. 

Data: 8-blt bidirectional 

Interface: TTL 

GENERAL PURPOSE I/O (OPTIONAL) 

Input Ports: 8-bit TTL compatible (latched or unlatched); 

expandable in 4 port increments to 44 input 

ports. 
Output Ports: 8-bit TTL compatible (latched); expandable 

in 4 port increments to 44, 
Interrupts: 8 TTL compatible interrupt lines. 

INTERRUPT 

8-level, maskable, nested priority interrupt network initi- 
ated from front panel or user selected devices. 

DIRECT MEMORY ACCESS 

Standard capability on Intellec bus; implemented for user 
selected DMA devices through optional DMA module — 
maximum transfer rate of 2 MHz. 

MEMORY ACCESS TIME 

RAM: 450 ns 

PROM: 1.3 jUs using Intel 8708A PROM. 

PHYSICAL CHARACTERISTICS 

Dimensions: 8.5"X19"X17" 

21.6 cm X 48.3 cm X 43.2 cm 
Weight: 65 lb (29.5 kg) 

ELECTRICAL CHARACTERISTICS 



DC POWER 

SUPPLY 

(Volts) 



+ 5 ±5% 
-(-12 ±5% 
-10 ±5% 
-12 ±5% 



POWER SUPPLY BASIC SYSTEM CURRENT 
CURRENT REQUIREMENTS 

(Amps) (Amps) 

Maximum Typical 



35.0 
3.0 
3.0 
0.5 



9.0 
0.7 
0.2 



6.6 
0.4 
0.2 



AC POWER REQUIREMENTS 

50-60 Hz; 1 15/230 VAC; 150 Watts 

ENVIRONMENTAL CHARACTERISTICS 

Operating Temperature: to 55°C 
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SOFTWARE SPECIFICATIONS 

CAPABILITIES 

System Monitor: 

Devices supported include: 
ASR 33 teletype 

Intel high speed paper tape reader 
Paper tape punch 
CRT 
Printer 

Universal PROM programmer 
4 logical devices recognized 
16 physical devices maximum allowed 

Macro Assembler: 

800 symbols in standard system; automatically expand- 
able with additional RAM memory to 6500 symbols 
maximum. 

Assembles all seventy-eight 8080 machine instructions 
plus 10 pseudo-operators. 

Text Editor: 

12K bytes of workspace in standard system; auto- 
matically expandable with additional RAM memory to 
58K bytes. 

OPERATIONAL ENVIRONMENTAL 

System Monitor: 

Required hardware: 
Intellec MDS 
331 bytes RAM memory 
2K bytes ROM memory 
System console 

Macro Assembler: 
Required hardware: 

Intellec MDS 

12K bytes RAM memory 

System console 

Reader device 

Punch device 

List device 
Required software: 

System monitor 

Text Editor: 

Required hardware: 
Intellec MDS 
8K bytes RAM memory 
System console 
Reader device 
Punch device 
Required software: 
System monitor 

Tape Format: 

Hexadecimal object format. 



MDS OPTIONS 

MDS-016 16K Dynamic RAM 

MDS-406 6K PROM (sockets and logic) 

MDS-501 DMA Channel Controller 

MDS-504 General Purpose I/O Module 

MDS-600 Prototype Module 

MDS-610 Extender Module 

MDS-620 Rack Mounting Kit 

MDS EMULATORS/SIMULATOR 

MDS-ICE-30 3001 In-Circuit Emulator 
MDS-ICE-80 8080 In-Circuit Emulator 
MDS-SIM-100 Bipolar ROM Simulator 

MDS PERIPHERALS 

MDS-UPP Universal PROM Programmer 
MDS-PTR High Speed Paper Tape Reader 
MDS-DOS Diskette Operating System 

MDS INTERFACE CABLES/CONNECTORS 

MDS-900 CRT Interface Cable 

MDS-91 Line Printer I nterface Cable 

MDS-915 High Speed Reader Interface Cable 

MDS-920 High Speed Punch Interface Cable 

MDS-930 Peripheral Extension Cable 

MDS-940 DMA Cable 

MDS-950 General Purpose I/O Cable 

MDS-960 25-pin Connector Pair 

MDS-970 37-pin Connector Pair 

MDS-980 60-pin Motherboard Auxiliary Connector 

MDS-985 86-pin Motherboard Main Connector 

MDS-990 100-pin Connector Hood 

EQUIPMENT SUPPLIED 

Central Processor Module 

RAM Memory Module 

Monitor Module (System I/O) 

Front Panel Control Module 

Chassis with Motherboard 

Power Supplies 

Finished Cabinet 

Front Panel 

ROM Resident System Monitor 

RAM Resident Macro Assembler 

RAM Resident Text Editor 

Hardware Reference Manual 

Reference Schematics 

Operator's Manual 

8080 Assembly Language Programming Manual 

System Monitor Source Listing 

8080 Assembly Language Reference Card 

TTY Cable 

European AC Adapter 

AC Cord 
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Intel 



MDS-DOS DISKETTE OPERATING SYSTEM 

AND MDS-DRV ADDITIONAL DRIVE UNIT 



Floppy diskette operating system providing high 
speed Input/Output and data storage for the 
Intellec® MDS. 

Supports all existing standard Intellec® peripherals. 

Data on flexible diskette addressed using IBM soft- 
sectored format which allows 1/4 million byte data 
capacity per diskette. 

Up to 200 files per diskette. 

Dynamic allocation and deallocation of diskette 
sectors for variable length files. 

Device independence realized by assignment of 
unique file names to each peripheral device. 

Supports optional Intellec MDS ICE-80 (In-circuit 
Emulator) for Intel® 8080 Microprocessor. 



Diskette system macro assembler used to assemble 
all 8080 machine instructions with full macro and 
conditional assembly capabilities. 

Diskette system text editor with string search, 
substitution, insertion, and deletion commands. 

Listing produced by macro assembler can be di- 
rected to diskette allowing interrogation from high 
speed console device. 

Diskette operating system software products 
loaded into Intellec MDS RAM in seconds. 

Access to all Intellec MDS Monitor facilities. 

Programs created, edited, assembled, executed and 
debugged without paper tape handling. 

Diskette operating system functions callable from 
user programs. 



The Intellec MDS Diskette Operating System is a general purpose, high speed data handler and file manipulation system for use 
with the Intellec MDS and its peripherals. The use of a single or dual drive Diskette Operating System significantly reduces 
program development time. The software system known as ISIS (Intel Systems Implementation Supervisor), provides the 
ability to edit, assemble, execute and debug programs, and performs all file management tasks for the user. 



,^ 




MDS-DOS Diskette Drive and Optional MDS-DRV 



10-8 



MDS-DOS 



DEVELOPMENT SYSTEMS 



HARDWARE 

The INTELLEC® MDS diskette system provides direct 
access bulk storage, intelligent controller, and up to two 
diskette drives. Each drive provides 1/4 million bytes of 
storage with a data transfer rate of 250,000 bits/second. 
The controller is implemented with Intel's powerful Series 
3000 Bipolar Microcomputer Set. The controller provides 
an interface to the INTELLEC MDS bus, as well as sup- 
porting the two diskette drives. The MDS diskette sys- 
tem records all data in the IBM-compatible soft sector 
format. 

The MDS diskette controller consists of two boards, the 
Channel Board and the Interface Board. These two printed 
circuit boards reside in the INTELLEC MDS chassis and 
constitute the diskette controller. Each of the systems com- 
ponents is shown in the photograph, and are described in 
more detail in the following paragraphs. 
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DOS Channel and Interface Controller Boards 



INTERFACE BOARD 

The Interface Board provides the diskette controller with a 
means of communication with the diskette drives, as well as 
with the INTELLEC MDS system bus. Under control of the 
microprogram being executed on the Channel Board, the 
Interface Board generates those signals which cause the 
read/write head on the selected drive to be loaded (i.e., to 
come in contact with the diskette platter), cause the head 
to move to the proper track and verify successful operation. 
The Interface Board accepts the data being read off the 
diskette, interprets synchronizing bit patterns, checks the 
validity of the data using a cyclic redundancy check (CRC) 
polynomial, and then transfers the data to the Channel 
Board. 

During write operations, the Interface Board outputs the 
data and clock bits to the selected drive at the proper times, 
and generates the CRC characters which are then appended 
to the data. 

When the diskette controller requires access to 
INTELLEC MDS system memory, the Interface Board re- 
quests and maintains DMA master control of the system 
bus, and generates the appropriate memory command. The 
Interface Board also acknowledges I/O commands as re- 
quired by the INTELLEC MDS bus. 

The Diskette System is capable of performing seven differ- 
ent operations: recalibrate, seek, format track, write data, 
write deleted data, read data, and verify CRC. 

DISKETTE DRIVE MODULES 

Each diskette drive consists of read/write and control 
electronics, drive mechanisms, read/write head, track posi- 
tioning mechanism, and the removable floppy diskette 
platter. These components interact to perform the follow- 
ing functions: 

• Interpret and generate control signals, 

• Move read/write head to selected track. 

• Read and write data. 



CHANNEL BOARD 

The Channel Board is the primary control module within 
the diskette system. The Channel Board receives, decodes, 
and responds to channel commands from the 8080 Central 
Processor Unit (CPU) in the INTELLEC MDS system. The 
Channel Board can access a block of INTELLEC MDS 
system memory to determine the particular diskette opera- 
tions to be performed and fetch the parameters required for 
the successful completion of the specified operation. 

The control functions of the Channel Board have been 
achieved with an 8-bit microprogrammed processor, 
designed with Intel's Series 3000 Bipolar Microcomputer 
Set. This 8-bit processor includes four 3002 Central 
Processing Elements (2-blt slice per CPE), a 3001 Micro- 
program Control Unit, and 512 X 32 bits of 3604 
programmable-read-only-memory (PROM) which stores the 
microprogram. It is the execution of the microprogram by 
the microcomputer set which actually effects the control 
capability of the Channel Board. 




Additional Drive Unit MDS-DRV 



70-5 



MDS-DOS 



DEVELOPMENT SYSTEMS 



SOFTWARE - INTEL SYSTEM 
IMPLEMENTATION SUPERVISOR (ISIS) 

The ISIS programs and subroutines reside on the system 
diskette and provide a broad range of user-oriented design 
aid software. Total file management and input editing fea- 
tures greatly reduce software development time. The ISIS 
8080 Macro Assembler can be loaded in seconds, from the 
diskette, and all passes executed without the need for user 
interaction. Object code and list files may be directed to 
any output device, or stored as diskette files. A special ISIS 
utility is provided which converts files from hexadecimal to 
absolute binary for high-speed retrieval and execution. 
Powerful system console commands are provided in an 
easy to use English context. Debugging is initiated by a 
special prefix to any system command or program call 
which causes Monitor mode to be entered directly from the 
program call along with its calling parameters. 
A file is a user-defined collection of information of variable 
length. ISIS also treats each of the standard INTELLEC® 
MDS supported peripherals as files through preassign- 
ment of unique file names to each device. In this manner data 
can be copied from one device to another (i.e., tape reader to 
tape punch) using the same command required to copy one 
diskette data file to another. ISIS provides automatic 
implementation of random access disk files. Each file is 
identified by a user-chosen name unique on its diskette. Up 
to 200 files may be stored on each 1/4 million byte 
diskette. 

SYSTEM COMMANDS 

The user is provided with a wide range of system commands 
that offer powerful file and program manipulation features: 

• The DIR command lists the names, sizes and attri- 
butes of files resident on the specified disk directory. 

• The RENAME command allows users to change the 
identifying names of files. 

• The COPY command allows users to create new 
copies of existing files or to transfer files from one 
device to another. 

• The ATTR IB command allows the user to set or reset 
write-protection and other characteristics of a disk 
file. 

• The DELETE command removes a file from a 
diskette, thereby freeing space for allocation for 
other files. 

• The HEXBIN command coverts an Intel standard 
hexadecimal format file into absolute binary format 
for a reduction in load time and space. 

• The FORMAT command formats a diskette on a 
second disk drive so that it may be used by ISIS. 

• The DEBUG command loads the name program and 
parameters, and gives control to the INTELLEC MDS 
monitor for execution and/or debugging in the event 
of an error. 

® Programs may be loaded and executed by typing the 
program name as a command. Users may therefore 
name their own programs with descriptive verbs and 
extend their command repertoire. 
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ISIS 8080 MACRO ASSEMBLER 

The ISIS 8080 Macro Assembler translates symbolic 8080 
assembly language instructions Into the appropriate mach- 
ine operation codes. In addition to eliminating the errors of 
hand translation, the ability to refer to program addresses 
with symbolic names makes it easy to modify programs by 
adding or deleting instructions. Full macro capability 
eliminates the need to rewrite similar sections of code 
repeatedly and simplifies program documentation. Condi- 
tional assembly permits the assembler to include or delete 
sections of code which may vary from system to system, 
such as the code required to handle optional external 
devices. 

The ISIS Assembler accepts diskette file input and produces 
an object file with corresponding symbol table and assem- 
bly listing file with any errors. The list file may then be 
interrogated from the system console or copied to the 
appropriate list device. The object file may be kept on 
diskette in its hexadecimal format for loading under ISIS 
supported software packages such as the optional 8080 In- 
Circuit Emulator (ICE-80). For loading directly under 
control of ISIS, the object file may be converted from 
hexadecimal to absolute binary format using the HEXBIN 
command. 

The ISIS 8080 Macro Assembler is written in PL/M^'^-80, 
Intel's high level systems programming language. It occupies 
12K bytes of RAM memory allowing space for over 1000 
symbols when used with ISIS in a 32K INTELLEC MDS 
system. The symbol table size may be expanded by adding 
additional RAM memory. 

ISIS TEXT EDITOR 

The ISIS Text Editor is a comprehensive tool for the entry 
and correction of assembly language programs for the Intel 
8080 microcomputer. Its command set allows manipulation 
of either entire lines of text or individual characters within 
a line. 

Programs may be entered from the console keyboard or 
may be loaded directly. Text is stored internally in the 
editor's workspace, and may be edited with the following 
commands: 

• string insertion or deletion 

• string search 

• string substitution 

To facilitate the use of these editing commands, utility 
commands are used to change positions in the workspace. 
These include: 

• move pointer by line or by character 

• move pointer to start of workspace 

• move pointer to end of workspace 

The contents of the workspace are stored on the diskette 
and can be immediately accessed by ISIS commands or 
other programs such as the ISIS 8080 Macro Assembler. 

The ISIS Text Editor is written in PL/MTm.sq. It occupies 
8K bytes of RAM memory allowing approximately 12K 
bytes of workspace in a 32K INTELLEC MDS system. 
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SOFTWARE SPECIFICATIONS 

ISIS CAPABILITIES 

ISIS commands (User entries at console input device) 

File commands: 

DIR List diskette directory. 

COPY Make a copy of a file. 

DELETE Remove a file from diskette. 

RENAME Change the name of a diskette 

file. 
ATTRIB Change the attributes of a 

diskette file. 

Diskette initialization: 

FORMAT Initialize a new diskette. 

Program debug and conversion: 

DEBUG Execute a program in debug 

mode. 

HEXBIN Convert program from hexa- 

decimal format to absolute 
binary. 

Program execution: 

file name An executable program in a disk- 

ette file can be executed by 
entering the file name as a com- 
mand. 

ISIS System Calls (System services called by user 
programs) 

Input/output operations: 

OPEN Initialize file for input/output 

operations 

READ Transfer data from file to mem- 

ory 

WRITE Transfer data from memory to 

file 

SEEK Position diskette file pointer at 

any byte in the file 

RESCAN Position pointer to beginning of 

current line 
CLOSE Terminate input/output 

operations on file 

Diskette directory maintenance 

DELETE Delete a file from the diskette 

directory 
RENAME Change diskette file name 

ATTR IB Change diskette file attributes 

Console Reassignment and error message output 
CONSOLE Change console device 

WHOCON Determine currently assigned sys- 

tem console 
ERROR Output error message on system 

console 



Program loading and execution 

LOAD Load a file of executable code 

and transfer control to loaded 
program 

EXIT Terminate program and return to 

ISIS control 

ISIS 8080 Macro Assembler: 

1000 symbols in 32K system; automatically ex- 
pandable with additional RAM memory. 

Assembles all seventy-eight 8080 machine instruc- 
tions plus 10 pseudo-operators. 

ISIS Text Editor: 

12K bytes of workspace in 32K system; auto- 
matcially expandable with additional RAM memory. 

ISIS OPERATIONAL ENVIRONMENTAL 
ISIS: 

Required hardware: 
IntellecMDS 
32K bytes RAM memory 
System console 
MDS-DOS Diskette Operating System 

Required software: 
System monitor 

Macro Assembler: 
Required hardware: 
IntellecMDS 

MDS-DOS Diskette Operating System 
32K bytes RAM memory 
System console 

Text Editor: 

Required hardware: 
IntellecMDS 

MDS-DOS Diskette Operating System 
32K bytes RAM memory 
System console 

Required software: 
ISIS 
System monitor 

Required software: 
ISIS 
System monitor 

ICE-80 (Optional) 

Required hardware: 
IntellecMDS 
MDS-80 ICE 

32 K bytes RAM memory 
MDS-DOS Diskette Operating System 

Required software: 
ISIS 
System monitor 
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HARDWARE SPECIFICATIONS 



ENVIRONMENTAL CHARACTERISTICS 



MEDIA 

Flexible Diskette 
One Recording Surface 
IBM Soft Sector Format 
77 Tracks/Diskette 
26 Sectors/Track 
128 Bytes/Sector 



MEDIA 

Temperature: 

Operating 

Non-Operating: 
Humidity: 

Operating: 

Non-Operating: 



15.6 C to 51.7 C 
5°C to 55% 

8to80%(Wetbulb29.4°C) 
8 to 90% 



PHYSICAL CHARACTERISTICS 

(Chassis and Drives) 

Mounting: Table-Top or Standard 19" Retma Cabinet 
Height: 12.08" (30.68 cm) 
Width: 16.88" (42.88 cm) 

Depth: 19.0" (48.26 cm) 
Weight: 1 Drive 51 lb (23 kg) 
2 Drives 64 lb (29 kg) 



ELECTRICAL CHARACTERISTICS 

Chassis 

DC Power Supplies 
Voltage Current 
5V 3A ±5% 
-5V 600 mA ±5% 
24V 4A ±5% 
AC Power Requirements 

3-wire input with center conductor (earth ground) 
tied to chassis 

Single-phase, 115/230 VAC; 50-60 Hz; 160 watts 

INTELLEC® MDS-DOS Controller 
DC Power Requirements 

Channel Board: 5V @ 3.75A (typ), 5A (max) 
Interface Board: 5V @ 1.5A (typ), 2.5A (max) 



DRIVES AND CHASSIS 

Temperature: 

Operating: 10°Cto38°C 

Non-Operating: -35°C to 65°C 
Humidity: 

Operating: 20% to 80% (Wet bulb 26.7°C) 

Non-Operating: 5% to 95% 



MDS-DOS CONTROLLER BOARDS 



Temperature: 

Operating: 

Non-Operating: 
Humidity: 

Operating: 

Non-Operating: 



to 70°C 
-55°C to 85°C 

Up to 90% relative humidity without 

condensation. 

All conditions without condensation 

of water or frost. 



DISKETTE DRIVE PERFORMANCE 
SPECIFICATION 



EQUIPMENT SUPPLIED 

Cabinet, Power Supplies, Line Cord, Single Drive 

FDC Channel Board 

FDC Interface Board 

Dual Auxiliary Board Connector 

Floppy Disk Controller Cable 

Floppy Disk Peripheral Cable 

Hardware Reference Manual 

Reference Schematics 

ISIS System Diskette 

ISIS Operators Manual 

ISIS/MDS Monitor Bootstrap PROM 



Capacity (Unformatted): 

Per Disk 3.1 megabits 

Per Track 41 kilobits 

Capacity (Formatted): 

Per Disk 2.05 M Bits 

Per Track 26.6 K Bits 

Data Transfer Rate 250 Kilobits/sec. 

Access Time: 

Track-to-Track 1 ms 

Head Settling Time . 10 ms 

Average Random Positioning Time 260 ms 

Rotational Speed 360 rpm 

Average Latency 83 ms 

Recording Mode Frequency Modulation 
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OPTIONAL EQUIPMENT 

Rack Mount Kit 

MDS-DRV Additional Drive Unit 

Blank Diskettes 

ISIS System Diskettes 
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MDS-UPP UNIVERSAL PROM PROGRAMMER 



Intellec® MDS peripheral capable of programming the 
following Intel PROMs: 1702A, 2704, 2708, 3601, 3604, 
3624, 8702A, 8704, 8708. 

Personality cards used for specific Intel PROM program- 
ming requirements. 

Zero insertion force sockets for both 16-pin and 24-pin 
PROMs. 



Flexible power source for system logic and programming 
pulse generation. 

PROM programming verification facility. 

Stand alone or rack mountable. 



The Universal PROM Programmer is an Intellec MDS peripheral capable of programming and verifying the following Intel PROMs: 
1702A, 2704, 2708, 3601, 3604, 3624, 8702A, 8704, and 8708. Programming and verification operations are initiated from the 
Intellec MDS system console and are controlled by programs resident in the Intellec MDS and Universal PROM Programmer. 




SPECIFICATIONS 



INTERFACE 

Data: Two 8-bit unidirectional buses 
Commands: 3 Write Commands 
2 Read Commands 
Initiate Command 

AVERAGE PROGRAMMING TIME 

1702A/8702A: 40 seconds 



2708/8708: 


5 minutes 


3601: 


2 seconds 


3604: 


10 seconds 


3624: 


10 seconds 


2704/8704: 


2.5 minutes 


PHYSICAL CHARACTERISTICS 


Dimensions: 


6"X 7"X 17" 




14.7 cm X 17.2 cm X 41.7 cm 


Weight: 18 lb (8.2 kg) 



ENVIRONMENTAL CHARACTERISTICS 

Operating Temperature: 0° to 70°C. 

OPTIONS 

Personality Cards: 

MDS-UPP-361:3601 Personality Card 
MDS-UPP-864:8604/3604/3624 Personality Card 
MDS-UPP-872:8702A/1702A Personality Card 
MDS-UPP-878:8708/8704/2708/2704 Personality Card 

PROM Programming Sockets: 

MDS-UPP-501: 16-pin/24-pin pair 
MDS-UPP-502: 24-pin/24-pin pair 

EQUIPMENT SUPPLIED 

Cabinet 

Power Supplies 

4040 Intelligent Controller Module 

Specified Zero Insertion Force Socket Pair 

Intellec MDS Interface Cable 

Hardware Reference Manual 

Reference Schematics 
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MDS-PTR HIGH SPEED PAPER TAPE READER 



Intellec® MDS high speed paper tape reader peripheral 

20 times faster than standard ASR-33 Teletype reader 

Loads 16K Intellec MDS program memory in less than 
three minutes. 



Data transfer at asynchronous rates in excess of 200 char- 
acters per second 

Rack mountable or stand-alone 



The MDS-PTR high speed paper tape reader is an intellec MDS peripheral that reads paper tape over twenty times faster than 
the standard ASR-33 Teletype reader. This translates into a significantly faster development cycle due to a marl<ed reduction in 
the time required for repetitive program loading, assembly, and editing operations. 
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SPECIFICATIONS 



TAPE MOVEMENT 

Tape Reader Speed: 

to 200 characters per second asynchronous 
Tape Stopping: 

Stops "On Character" 

TAPE CHARACTERISTICS 

Tape must be prepared to ANSI X 3.18 or EMCA 10 
Standards for base materials and perforations. 

Reads tape of any material with thickness between 0.0027" 
and 0.0045" with transmissivity less than or equal to 57% 
(oiled buff paper tape). 

Tape loading: in line 

Tape width: 1 inch 

PHYSICAL CHARACTERISTICS 

Height: 7.75 in. (19.69 cm) 
Width: 19.25 in. (48.90 cm) 
Depth: 11.62 in. (29.52 cm) 
Weight: 13 lb (5.9 kg) 

ELECTRICAL CHARACTERISTICS 

AC Power Requirements: 

3-wire input with center conductor (earth ground) tied 
to chassis. 100, 115, or 127 VAC, single phase at 3.0 
amps or 220 or 240 VAC and 1.5 amps; 47 to 63 Hz. 



ENVIRONMENTAL CHARACTERISTICS 

Temperature: 

Operating: to 55°C (free air) 

Non-operating: -55°C to +85°C 

Humidity: 

Operating: Up to 90% relative humidity without con- 
densation. 
Storage: All conditions without condensation of water 
or frost. 

EQUIPMENT SUPPLIED 

Paper Tape Reader 

Reader Cable 

Fanfold Tape Guide 

Fanfold Paper Tape 

Hardware Manual 

Installation and Operations Guide 

Fanfold Guide Installation Instructions 
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MDS-ICE-80 8080 IN-CIRCUIT EMULATOR 



Extends powerful Intellec MDS diagnostic capabilities into 
user configured system allowing real time (2 MHz) emula- 
tion of the user system 8080. 

User configured system can share Intellec MDS RAM, ROM, 
and PROM memory. 

I/O translation allows user configured systems to share 
Intellec MDS input/output facilities. 



Capability to display previously executed instructions with 
corresponding address, data, and 8080 status information. 

Capability to examine and alter CPU registers and main 
memory. 

Direct Intellec MDS connection to user configured system 
via an external cable and 40-pin plug. 



ICE-80 is an Intellec MDS resident module that interfaces to any user configured 8080 system and allows the designer to emulate 
the user 8080 in real time, single step the user system's 8080, substitute Intellec MDS memory and I/O for user system equiva- 
lents, and extend powerful debug functions into the user system. 




SPECIFICATIONS 



WORD SIZE 

Instruction: 8, 16 or 24 bits 
Data: 8 bits 

CENTRAL PROCESSOR 

8080 CPU, 2 fjS cycle time, 
registers, subroutine nesting 
interrupt capability. 

INSTRUCTION SET 

78 instructions including conditional branching, binary 
arithmetic, logical operations, register-to-register transfers, 
and I/O. 



8-bit accumulator, six 8-bit 
to any level, multiple level 



CONNECTORS 

Edge Connector: CDC VPB01 E43A00A1 

PHYSICAL CHARACTERISTICS 

Width: 12.00 in. 
Height: 6.75 in. 
Depth: 0.50 in. 

ELECTRICAL CHARACTERISTICS 

DC Power: 

Vcc = +5 ±5% 

Ice = 9.81A max.;6.90A typ. 

Vdd = +12 ±5% 

Idd = 79 ma max.; 45 ma typ. 

Vbb = -9V ±5% 

Ibb = 1 nna max.; 1 [la typ. 
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ICE-80 



SPECIFICATIONS 



MEMORY ADDRESSING 

Intellec MDS RAM, ROM and PROM may be combined 
with user system ROM, PROM, and RAM combinations in 
4K segments up to a maximum of 65, 536 bytes. 

I/O ADDRESSING 

Intellec MDS I/O ports may be combined with user system 
I/O ports in 16 port groups, up to a maximum of 256 8-bit 
input and 256 8-bit output ports. 

USER SYSTEM INTERFACE 

Cable carrying all 8080 address, data, and control signals 
terminated in a 40-pin plug. 



SYSTEM CLOCK 

Crystal controlled 2 MHz ±0.01%. 

Removable by jumper selection when replaced by user clock. 

ENVIRONMENTAL CHARACTERISTICS 

Operating Temperature: to 70°C 

EQUIPMENT SUPPLIED 

Printed Circuit Modules (2) 
Interface Cables and Buffer Board 
Reference Manual 
Schematic Diagram 



ICE-80 allows the user to assign Intellec MDS resident memory and I/O to the user system. Once assigned, the MDS memory or 
I/O becomes a part of the user system. The user system may operate with all MDS resident memory and I/O, all user provided 
memory and I/O, or a combination of both. 

ICE-80 debug features include the setting of breakpoints in two hardware comparltors which can trap on any memory read, 
memory write, I/O read or I/O write operation. Breakpoint extensions, which can be logically ANDED with basic breakpoint 
parameters, include stack operation. Ml fetch state, or a user defined logic signal. When a breakpoint is encountered in the 
emulation mode, ICE-80 automatically reverts to the interrogation mode. At this time the memory address, data bus contents, 
and 8080 status byte from the last 44 machine cycles can be displayed along with the actual number of clock cycles which 
elapsed since program initiation. In the single-step mode, the user may select single-step or multiple single-step operation. In 
single-step operation a single instruction is executed, and upon completion, all relevant system status may be displayed. In multi- 
ple single-step mode, status information is stored at the end of each machine cycle and the next instruction is executed. When 
multiple single-step operation is terminated upon a software breakpoint or user command, historical information may be 
retrieved for display or off line analysis. 

The heart of ICE-80 is a microcomputer system utilizing Intel's 8080 microprocessor as its nucleus. This system communicates 
with the Intellec MDS host processor via I/O commands. Host processor commands and ICE-80 status are interchanged through 
registers on the ICE module. ICE-80 and the MDS also communicate through a control block resident in Intellec MDS main 
memory which contains detailed configuration and status information. 

The ICE-80 microcomputer system consists of an Intel 8080 CPU, control memory and data storage memory. The system may 
be driven with either an internal 2 MHz clock or a user supplied clock. The basic ICE-80 system is augmented by several periph- 
eral devices. An 8-bit command register receives Intellec MDS commands and an 8-bit status register provides ICE-80 systems 
status information to the Intellec MDS. Bus control logic allows the ICE-80 processor to assume control of the Intellec MDS bus 
as a bus master, when required. A comparltor contains two 24-bit hardware breakpoint registers which provide address and con- 
trol information associated with breakpoint functions. Finally, buffer/driver circuitry, located in circuit board in the ICE-80 
cable, insures that data transmission between the ICE-80 and user system meets the capacitive loading and input current require- 
ments for the 8080. 
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MDS-ICE-30 3000 SERIES IN-CIRCUIT EMULATOR 



Extends the Inteliec" MDS diagnostic capabilities into user 
configured systems allowing in-circuit emulation of the user 
system's 3001 MCU 

Direct Intellec MDS connection to the user configured 
systerh is achieved via an external cable with 3001 com- 
patible 40-pin connector 

Provides for the display of all 3001 address, status, and 
control lines for the current micro- instruction executed 



Allows for single step microprogram execution 

Presets the 9-bit 3001 Microprogram Address Register and 
set two independent breakpoints on micro-instruction 
addresses generated by 3001 

Allows two independent breakpoints to be set on the 
logical combination of any three TTL compatible signals in 
the user system via three logic probes 



ICE-30 is an Intellec® MDS resident module that provides the user with direct in-circult emulation of the 3001 Microprogram 
Control Unit (MCU) and complete control over the execution of user developed microprograms. Through in-circuit emulation, 
the designer is able to set micro-program address breakpoints, single step micro-program execution and monitor all of the 
address, status, and control lines of the 3001. 









ICE-30 Module Board with External Cable and 40 Pin Connector 



10-18 



ICE-30 



DEVELOPMENT SYSTEMS 



A.C. CHARACTERISTICS Ta = o°c to 55°c, Vcc = 5 ov ±5% 



SYMBOL 


PARAMETER 


MIN 


TYptD 


MAX 


UNIT 


tcv'^' 


Cycle Time 


185 


120 




ns 


twp 


Clock Pulse Width 


35 


20 




ns 


tcs 


Clock Pulse Separation 


150 








tSF 
tSK 

tsx 
tsi 


Control and Data Input Set-Up Times: 
LD, ACo-ACe 
FCo, FCi 

SX0-SX3, PX4-PX7 
Fl 


13 
13 
13 
13 






ns 
ns 
ns 
ns 


tHF 

tHX 
tHI 


Control and Data Input Hold Times: 
LD, ACo-ACe 
FCo, FCi 

SX0-SX3, PX4-PX7 
Fl 


15 
15 
15 
15 






ns 
ns 
ns 
ns 


^CO 


Propagation Delay from Clock Input (CLK) to Outputs 
(MAo-MAs, FO) 




90 


137 


ns 


tKO 


Propagation Delay from Control Inputs FC2 and FC3 to Flag 
Out (FO) 




78 


130 


ns 


tFO 


Propagation Delay from Control Inputs ACq-ACq to Latch 
Outputs (PR0-PR2) 




98 


150 


ns 


tEO 


Propagation Delay from Enable Inputs EN and ERA to Outputs 
(MAo-MAs, FO, PR0-PR2) 






50 


ns 


tpi 


Propagation Delay from Control Inputs ACo-ACeto Interrupt 
Strobe Enable Output (ISE) 




86 


140 


ns 


tMH 


Propagation Delay from Clock Input (CLK) to Breakpoint 
Match MATCH 






158 


ns 



NOTES: 

(1 ) Typical values are for T^ = 25°C and nominal supply voltage. 

(2) tcY = tco + ^SF + ^WP 



TEST CONDITIONS: 



TEST LOAD CIRCUIT 



Input rise and fall times of 10 ns between 0.8 volt and 2.4 

volts. 

Output load of 10 mA and 50 pF. 

Speed measurements are taken at the 1.5 volt level. 



OUT O- 



I 



soon 
-AVv. O Vcc 



CAPACITANCE Ta = 25°C 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


C|N 


Input Capacitance: 






50 


pF 


CoUT 


Output Capacitance 






50 


pF 
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ICE-30 



D.C. AND OPERATING CHARACTERISTICS Ta = 0° to 55°C, Vcc = 5.0V ±5% 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 55°C 

Storage Temperature — 20°C to +75°C 

All Output and Supply Voltages -0.5V to +7V 

All I nput Voltages -1 .OV to +5.5V 

*C0MI\/1ENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


MIN 


T-YP<1) 


MAX 


UNIT 


COIMDITIONS 


Vc 


Input Clamp Voltage 
(All Input Pins) 




-0.8 


-1.5 


V 


l^ = -12mA 


If 


Input Load Current: 
CLK Input 
Logic Probe inputs 
All other inputs 






-2.0 
-3.0 
-0.4 


mA 
mA 
mA 


Vp = 0.45V 


V,L 


Input Low Voltage 






0.8 


V 


Vcc = 5.0V 


V,H 


Input High Voltage 


2.0 






V 


Vcc = 5.0V 


'cc 


Power Supply Current 






0.0 


mA 




Vol 


Output Low Voltage 
PRq-PRj 
All other outputs 




0.35 
0.35 


0.45 
0.45 


V 
V 


Iql= 16mA 
lQL = 40mA 


VoH 


Output High Voltage 
MAq-MAq, ISE, FO 


2.4 


3.0 




V 


lQj^ = -2mA 


'os 


Output Short Circuit Current 
MAq-MAq, ISE, FO 


-40 




-120 


mA 


V^^=5.0V<2) 


'o (OFF) 


Off-State Output Current 
MAq-MAq, FO 
MAq-MAq, FO, PRq-PRs 






-100 
100 


mA 


Vq = 0.45V 
Vq= 5.25V 



NOTES: 

(1 ) Typical values are for T^ = 25°C and nominal supply voltage. 

(2) Not more than one output should be shorted at one time. 
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SIM-101/SIM-102/SIM-104 ROM SIMULATORS 



Extends the powerful Intellec® MDS diagnostic 
capabilities into user-configured systems, allowing 
simulation of the user system's bipolar ROM/ 
PROM memory 

Direct Intellec MDS connection to the user- 
configured system via external cables and Intel's 
ROM/PBOM compatible dual-in-line connectors 

Simulates Intel's standard bipolar ROMs and 
PROMs 

Modular design allows the user to configure simula- 
tion modules to particular memory space require- 
ments 



Directly load the ROM Simulator modules from 
the output of the Intef Cross Microassembler, 
CROMIS 

Access the configured memory space from the 
console keyboard using simulated ROM addresses 

Examine an entire word regardless of length; i.e., 8 
bits, 10 bits, 32 bits etc. 

Modify an entire word in a single operation regard- 
less of length 

Read access time is 130 ns, maximum 



Each ROM-SIM module consists of a high-speed, 130-nanosecond 8K bit RAM board, buffer assembly, external cables, and an 
interactive software program. The ROM-SIM software is a PL/M * '-80 program that operates in the Intellec MDS to provide the 
user interface for the ROM-SIM hardware. The software loads BNPF or hexadecimal files such as those generated by the Cross 
Microassembler System, CROMIS. The ROM-SIM software has the capability to compare and verify microcode, load, display and 
modify simulated control store contents, and output new BNPF or hexadecimal files from the simulated ROM memory for 
ROM/PROM programming. 




SIM-101, 102 



SIM-104 
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DEVELOPMENT SYSTEMS SIM-101, SIM-102, SIM-104 

SPECrFICATIONS 

DC CHARACTERISTICS 

Ta = 0°C to 55°C, Vcc = 5.0V ±5% 



SYMBOL 


1 ■ 

PARAMETER 


LIMITS 


TEST CONDITION 


MIN 


MAX 


UNIT 


l| 


Input Load Current 

Low Order Addr A0-A8 
High Order Addr A9-AB 
Chip Selects 




-1.6 
-2.1 
-0.75 


mA 


Vcc = 5.25V 
V|N = 0.45V 


Vol 


Output Low Voltage 




0.45 


V 


Vcc = 4.75V, ioL=16mA 


Ice 


User Power Supply Sensing 




6 


mA 


User Vcc = 5.25V 


V|L 


Input Low Voltage 




0.8 


V 


Vcc = 5:ov 


V|H 


Input High Voltage 


2.0 




V 


Vcc = 5.0V 


VOH 


Output High Voltage 




2.4 


V 


Vcc = 4.75V 


Isc 


Output Short Circuit Current at 
Single Output 


-40 


-100 


mA 


Vo = OV, Vcc = 5V 


ICEX 


Output Leakage Current 




±50 
250 


MA 

ma 


For High Impedance State 

For Open Collector Vcc = 5.25V 



ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 0°C to 55°C 

Storage Temperature -20°C to 75°C 

All Outputs or Supply -0.5V to 7.0V 

All Inputs -1.0V to 5.5V 



CAPACITANCE LOAD 



C|N 


Low Order Address, Chip Selects 
High Order Address (Coaxial) 


45 pF max. 
50 pF max. 


COUT 


Data Outputs 


50 pF max. 
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INTELLEC®8/M0D8 
MICROCOMPUTER DEVELOPMENT SYSTEM 



Complete Hardware/Software Development System for the 
design and implementation of 8008 CPU based micro- 
computer systems 

Front panel designer's console provides complete system 
control and monitoring functions 

8K bytes of random access memory (RAM) expandable to 
16 K bytes 

2K bytes of erasable and field programmable read only 
memory (PROM) expandable to 16K bytes 

Self contained PROM programmingfacility with zero inser- 
tion force PROM socket 



Four 8-bit input and four 8-bit output ports 

Integral asynchronous serial data communications capa- 
bility at 110, 1200, or 2400 baud 

Discrete teletype interface (20mA) current loop) 

Standard system software includes a PROM resident system 
monitor, RAM resident Macro-Assembler and RAM resident 
text editor 

Expansion capability provided for up to 16 standard or 
custom designed microcomputer modules 



The intellec® 8/MOD 8 (imm 8-80A) is a complete, self-contained microcomputer development system designed specifically 
to support the development and implementation of 8008 CPU based microcomputer systems. Its modular design facilitates 
the development of both large and small MCS-8 system. 

The basic Intellec 8/MOD 8 consists of seven standard microcomputer modules (CPU, RAM, PROM, I/O, PROM Programmer, 
Front Panel Control) and power supplies enclosed in a finished table top cabinet. The heart of the system is the imm 8-82 
central processor module built around Intel's 8008 p-channel 8-bit CPU on a single chip. 

The Intellec Development System directly supports up to 16K of memory, eight input ports, twenty-four output ports, and 
provides expansion capability for custom designed micrcomputer modules within the system chassis. 

The front panel designer's console provides an easy means of monitoring and controlling system operation, manually moving 
data to and from memory and input/output devices, setting hardware breakpoints, and executing or debugging programs. 

The Intellec 8/MOD 8 has 10K bytes of memory in its basic configuration which can be expanded to 16K bytes within the 
system chassis. Of the basic 10K bytes of memory, 8K bytes are random access read/write memory located on two imm 6-28 
RAM memory modules. This memory can be used for both data and program storage. The remaining 2K bytes of memory are 
located on the imm 6-26 PROM memory module and contain the Intellec 8/MOD 8 system monitor, in eight Intel® 1702A 
erasable and field programmable read only memory chips. Eight additional sockets (2K bytes) are available on the imm 6-26 
for expansion. 

The PROM and RAM memory modules may be used in any combination to make up the 16K of directly addressable memory 
housed in the system chassis. Facilities are built into these modules so that combinations of RAM, ROM or PROM may be 
mixed in 256 byte increments. 

The self-contained PROM programming module allows Intel 1602A or 1702A PROMs to be programmed and verified directly 
from RAM or PROM memory. 
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INTELLEC'8 
HIGH SPEED PAPER TAPE READER 



Directly compatible with all Intellec® 8 Microcomputer 
Development Systems 

20 times faster than standard ASR-33 teletype reader 

Loads any BK Intellec® 8 program memory in less than 90 
seconds 



Data transfer at asynchronous rates in excess of 200 
characters per second 

Rack mountable or stand-alone 



The imm8-90 high speed paper tape reader provides all Intellec 8 Microcomputer Development Systems with a high speed paper 
tape input that is over twenty times faster than the standard ASR-33 teletype reader. This translates into a significantly faster 
development cycle due to a marked reduction in the time required for repetitive program loading, assembly, and editing 
operations. 

The Intellec 8 monitor software provides two key capabilities which significantly enhance the systems performance of the 
imm8-90. A general purpose paper tape reader driver is included in the Intellec 8 Monitor. It enables all systems software to 
utilize the high speed reader features and is caliable by user written application programs. The monitor also provides dynamic 
I/O reconfiguration permitting instantaneous reassignment of physical devices to logical devices. 



>^^^^ 




SPECIFICATIONS 



TAPE MOVEMENT: 
Tape Reading Speed 

to 200 characters per second 

asynchronous 
Tape Stopping 

Stops "On Character" 

TAPE CHARACTERISTICS: 

Tapes must be prepared to ANSI 

X 3.18or EMCA 10 Standards for base 

materials and perforations. 

Reads tape of any material with 
thickness between 0.0027" and 
0.0045" with transmissivity less than 
or equal to 5% (oiled buff paper tape). 

Tape loading: in line 

Tape width: 1 inch 



ELECTRICAL CHARACTERISTICS: 

AC Power Requirement 

3 wire input with center conductor 
(earth ground) tied to chassis. 100, 
115, or 127 VAC, single phase at 
3.0 amps or 220 or 240 VAC and 
1.5 amps; 47 to 63 Hz. 

EQUIPMENT SUPPLIED 

Paper Tape Reader 
Reader Cable 
Reader Flat Cable 
Fanfold Tape Guide 
Fanfold Paper Tape 
Hardware Manual 
Installation and Operations Guide 
Fanfold Guide Installation 
Instructions 
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BAREBONES 80 
MICROCOMPUTER SUBSYSTEM 



Complete 8080 CPU based microcomputer subsystem com- 
posed of Intel microcomputer modules housed in a card 
cage and interconnected by a printed circuit motherboard 
containing module sockets 

78 instructions including data transfer; decimal, binary, and 
double precision arithmetic; logical, branch, stack, and I/O 

Vectored interrupt capability 

DMA capability 

4K 8-bit bytes of RAM expandable to 16K bytes in stand- 
ard system and 64 K bytes in user modified system 

Sockets for 4K 8-bit bytes of PROM expandable to 16K 
bytes in standard system and 64K bytes in user modified 
system 

The Barebones 80 {imm8-85) is a complete microcomputer system intended for OEM applications. The subsystem is composed 
of Intel microcomputer modules which are housed in a card cage and interconnected by a printed circuit motherboard. The 
chassis has space allocated for OEM power supplies, fan, and front panel. 

Four modules are supplied with the basic system and expansion capability exists for 12 additional Intel-supplied or custom 
modules. Control signals, data and address lines are present at the 12 expansion connectors. 



Four 8-bit input ports expandable to 16 input ports; four 
8-bit output ports expandable to 28 output ports. Expan- 
sion to 256 input and 256 output ports in user modified 
system. All ports are TTL compatible 

Integral asynchronous serial data communications capa- 
bility at 110, 1200, or 2400 baud 

Discrete teletype interface (20 mA current loop) 

Expansion capability provided for additional 12 Intel or 
custom microcomputer modules 

Rack mountabie. 
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DEVELOPMENT SYSTEMS 



BAREBONES 80 



SPECIFICATIONS 



WORDSIZE 

Data: 8 bits 

Instruction: 8, 16, or 24 bits 

MEIVIORYSIZE 

6K bytes expandable to 16K bytes 
with standard modules, 64K bytes 
using custom memory modules. 

INSTRUCTION SET 

78, including conditional branching, 
binary arithmetic, logical, register-to- 
register, input/output, and memory 
reference. 

MACHINE CYCLE TIME 

2.5 /is. (Reduction to 2.0 jUs 
possible by using faster memory and 
appropriate bus control signals.) 

SYSTEM CLOCK 

Crystal controlled at 2 MHz ±0.01%. 

I/O CHANNELS 

Maximum Input/Output configuration 
available with I/O or Output Modules 





Input 
Ports 


Output 
Ports 


imm8-61 


16 


16 


imm8-63 
(with one 
imm8-61) 


4 


28 



INTERRUPT 

User-designed multiple level interrupt 
capability. 

DIRECT MEMORY ACCESS 

User-designed DMA capability. 

MEMORY ACCESS TIME 

RAM: 1 jUS with standard RAM 

module. Faster access time 
available with user-designed 
memory systems. 
PROM: 1.3Mswith8702A PROMs. 
Faster access time available 
with higher speed PROMs. 

PHYSICAL CHARACTERISTICS 

6%" X 17" X 12" (suitable for mount- 
ing in standard RETMA 7" X 19" 
panel space). 
Weight: 11 lb (4.9 kg). 

ELECTRICAL CHARACTERISTICS 

DC Power Requirement: 
Vcc = 5V±5%, 
Ice = 6A max., 3.5A typ. 
Vdd = -9V ±5%, 
Idd = 1-2A max., 0.8A typ. 
Vcc = +12V±5%, 
Igg = 0.06A max., 0.04A typ. 

•Requirement based on basic Barebones 80 
system. 



ENVIRONMENTAL CHARACTER- 
ISTICS 

Operating Temperature: 0°C to 70°C 

OPTIONAL MODULES 

Available for Barebones 80: 
imm8-61 I/O Module 
imm8-63 Output Module 
imm6-28 RAM Memory Module 
imm6-70 Universal Prototype 

Module 
imm6-72 Module Extender 

EQUIPMENT SUPPLIED 

Central Processor Module 

Input/Output Module 

PROM Memory Module 

RAM Memory Module 

Chassis with Mother Board 

PROM Resident System Monitor 

Complete Hardware and Software 
Documentation including sche- 
matics and assembly drawings 

Rack Slides 
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INTELLEC®4/MOD40 
MrCROCOMPUTER DEVELOPMENT SYSTEM 



Complete Hardware/Software Development System for the 
design and implementation of 4040 and 4004 CPU based 
microcomputer systems 

TTY interface, front panel designer's console, and high 
speed paper tape reader interface, in conjunction with 
PROM resident system monitor provide complete program 
loading, punching, monitoring, interrogation, and alteration 
capabilities 

Program RAM (4K 8-bit bytes) provides a program develop- 
ment medium which lends itself to rapid and facile program 
monitoring and alteration 

Data RAM (320 4-bit bytes expandable to 2560 bytes) pro- 
vides data storage capacity 

Program PROM (expandable to 4K 8-bit bytes) in con- 
junction with the resident PROM programmer provide 
capability of simulating final ROM resident program 



PROM resident system monitor, RAM resident assembler 
with edit feature included in standard systems software 

Includes such standard program development, features as 
program single step, address search (and pass count), next 
instruction indication, program flow verification 

I/O expandable to 16 4-bit input ports and 48 4-bit output 
ports (all TTL compatible) allowing "hands-on" simulation 
of entire user system (processor and peripheral devices) 

RESET, STOP, INTERRUPT control signals available to 
user via back panel 

Modular design with expansion capability provided for up 
to eleven optional or user designed modules 



: jnteflee, 4 /40 






The Intellec 4/MOD 40 (imm 4-44A) is a complete, self-contained microcomputer development system designed specifically 
to support the development and implementation of 4040 and 4004 CPU based mirocomputer systems. Its modular design 
provides the flexibility to adapt to any size user system and the resident software facilitates program development. 

The basic Intellec 4/MOD 40 Microcomputer Development System consists of 4 microcomputer modules (CPU, RAM, 
MEMORY CONTROL, and PROM PROGRAMMER), power supplies, I/O connectors, console, and displays. The heart of the 
system is the imm 4-43 central processor module built around Intel's high performance 4-bit 4040 CPU. The imm 4-43 is a 
complete microcomputer system containing the system clock, IK 8-blt bytes of PROM memory, 320 4-bit bytes of data 
RAM memory, 3 4-bit input ports and 8 4-bit output ports. The imm 6-28 program RAM memory module contains a 4K x 8 
memory array composed of Intel 2102 static random access memory elements. The imm 4-72 control module contains the 
circuitry required to interface the central processor module to the program RAM module. The imm 6-76 PROM programmer 
module provides the capability of programming Intel 1702A PROMs in conjunction with the front panel PROM socket and 
system monitor. All I/O ports are TTL compatible and accessible from the back panel 37-pin connectors. The front panel 
designer's console provides a means of monitoring and controlling system operation. 

The Intellec modular design allows great design system flexibility. Program PROM can be expanded to 4K 8-bit bytes using 
imm 6-26 or imm 4-22 optional modules. Data RAM can be expanded to 2560 4-bit bytes using imm 4-24 modules. I/O 
capability can be expanded to 16 4-bit input and 48 4-bit output ports using optional imm 4-60 and 4-24 modules. The 
universal prototype card (imm 6-70) in conjunction with the eleven optional card sockets (which contain all essential system 
signals) provide the capability for interfacing custom designed modules. 

The user RESET IN/OUT, STOP/STOP ACKNOWLEDGE, and INTERRUPT/INTERRUPT ACKNOWLEDGE control signals 
are all available at the back panel. Hence, the user can interrupt, halt, and reset the resident CPU via his own interface. 
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INTELLEC®4 
HIGH SPEED PAPER TAPE READER 



Directly compatible with all Intellec® 4 Microcomputer 
Development Systems 

20 times faster than standard ASR-33 teletype reader 



Data transfer at asynchronous rates in excess of 200 char- 
acters per second 

Rack mountable or stand-alone 



The imm4-90 high speed paper tape reader provides all Intellec® 4 Microcomputer Development Systems with a high speed 
paper tape input that is twenty times faster than the standard ASR-33 teletype reader. This translates into a significantly faster 
development cycle due to a marked reduction in the time required for repetitive program loading, assembly, and editing 
operations. 

The Intellec 4 monitor provides the capability of assigning the imm4-90 as an input device and contains the reader driver 
software. Tapes may be read in BNPF or hexadecimal format. 

At least one optional imm4-60 Input/Output Module must be included in the Intellec system to provide the required reader 
input and output ports. 



.^fm%%%S%mm^y 




SPECIFICATIONS 




TAPE MOVEMENT: 
Tape Reading Speed 

to 200 characters per second 

asynchronous 
Tape Stopping 

Stops "On Character" 

TAPE CHARACTERISTICS: 

Tapes must be prepared to ANSI 
X 3.18 or EMCA 10 Standards for 
base materials and perforations. 

Reads tape of any material with 
thickness between 0.0027" and 
0.0045" with transmissivity less than 
or equal to 5% (oiled buff paper tape). 

Tape loading: in line 

Tape width: 1 inch 



ELECTRICAL CHARACTERISTICS: 

AC Power Requirement 

3 wire input with center conductor 
(earth ground) tied to chassis. 100, 
1 15, or 127 VAC, single phase at 
3.0 amps or 220 or 240 VAC and 
1.5 amps; 47 to 63 Hz. 



EQUIPMENT SUPPLIED: 

Paper Tape Reader 

Reader Cable 

Reader Flat Cable 

Fanfold Tape Guide 

Fanfold Paper Tape 

Hardware Manual 

Installation and Operations Guide 

Fanfold Guide Installation Instructions 



NOTE: Operation of the imm4-90 in 
conjunction mth tlie Intellec 4/MOD 4 
and Intellec 4/MOD 40 requires 
Version 2. software. 
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8080 SYSTEM DESIGN KIT SDK-80 



Complete single board microcomputer system including 
CPU, memory and I/O 

Easy to assemble kit-form 

High-performance (2 lis instruction cycle) 



Interfaces directly with most terminals (75-4800 baud) 

Large wire-wrap area for custom interfaces 

Extensive system monitor software in ROM 

PC board format and power, compatible with lntellec®MDS 



The 8080 System Design Kit (SDK-80) is a complete, single board, microcomputer system in kit form. It contains all necessary 
components, including resistors, caps, crystal and miscellaneous hardware to complete construction. Included is a pre- 
programmed ROM that contains the system monitor for general software utilities and system diagnostics. 

All that is required for operation are power supplies and a suitable terminal; TTY, CRT, etc., (level conversions and baud rate 
generation included on board). 

The SDK-80 is an inexpensive, high-performance prototype system that has designed-in flexibility for simple interface to the 
users application. 
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DESIGN KITS 



SDK-80 



SPECIFICATIONS 



CENTRAL PROCESSOR 

CPU: 8080A 

Instruction Cycle: 1.95 microsecond 

Tcy: 488 ns 

MEMORY 

ROM: 2K bytes (expandable to 4K bytes) 8708/8308 
RAM: 256 bytes (expandable to 1 K bytes) 8111 
Addressing: ROM 0000-OFFF 
RAM 1000-13FF 

INPUT/OUTPUT 

Parallel: One 8255 for 24 lines (expandable to 48 lines). 
Serial: One 8251 USART. 

On-board baud rate generator (jumper selectable). 
Baud Rates: 75 1200 

110 2400 

300 4800 
600 

INTERFACES 

Bus: All signals TIL compatible. 
Parallel I/O: All signals TTL compatible. 
Serial I/O: RS232C/EIA 

20 mA current loop TTY 

TTL (one TTL load) 

INTERRUPTS 

Single level: Generates RST7 vector. 
TTL compatible input. 

DMA 

Hold Request: Jumper selectable. 



SOFTWARE 

System Monitor: Pre-programmed 8708 or 8308 ROM 

Addresses; 0000-03FF. 

Features: 

Display Memory Contents (D) 

Move blocks of memory (M) 

Substitute memory locations (S) 

Insert hex code (I) 

Examine Registers (X) 

Program Control (G) 

Break Point Capability 
Power-up start or system reset start. 

I/O: Console Device (serial I/O) 

LITERATURE 

Design Library: 
8080 Users Manual 
8080 Assembly Language Manual 
PL/M Programming Manual 
MDS Brochure 

Reference Card (Programmers) 
SDK-80 User's Guide 

CONNECTORS 

I/O: 25 pin female (RS232C) 
PCB: MDS format 

PHYSICAL CHARACTERISTICS (MDS 
MECHANICAL FORMAT) 

Width: 12.0 in. 
Height: 6.75 in. 
Depth: 0.50 in. 
Weight: approx. 12oz. 

ELECTRICAL CHARACTERISTICS (DC POWER) 
Vcc5V±5% 1.3 Amps 
Vdd 12V ±5% 0.35 Amps 
Vbb-10V±5% 0.20 Amps 
or -12V ±5% 
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MCS-4/40' 



MICROCOMPUTER MODULES 



Modules may be ordered individually. All modules are 8" wide, 
6.18" high and use standard 100-pin connectors. 

imm4-42 Central Processor Module 

• This is a complete microcomputer system with the 
processor, program storage, data storage, and I/O in a 
single module. 

• The heart of this module is Intel's 4004 single chip four- 
bit parallel processor — p-channel silicon gate MOS. 

• Accumulator and sixteen working registers (4-bit). 

• Subroutine nesting up to 3 levels. 

• For development work, the CPU interfaces to standard 
semiconductor memory elements (provided by Intel's 
standard memory and I/O interface set 4008/4009). 

• Sockets for IK bytes of PROM (Intel 1702APROM) are 
provided. 

• 320 words (4-bit) of data storage (Intel 4002) are 
provided. 

• Four 4-bit input ports and eight 4-bit output ports (in- 
cludes TTY Interface). 

• Bus-oriented expansion of memory and I/O. 

• Two phase crystal clock. 



imm4-43 Central Processor Module 

• Complete microcomputer system with Intel's high per- 
formance 4040 4-bit processor, program storage, data 
storage, I/O and system clock in a single module. 

• 60 instructions including decimal arithmetic, register- 
to-register transfers, conditional branching, logical 
operations and I/O. 

• Interrupt capability. 

• Single step capability. 

• 24 index registers. 

• Subroutine nesting to 7 levels. 

• Direct interface capability to all standard memories (i.e., 
TTL, NMOS, PMOS, CMOS) through Intel's 4289 
Standard Memory Interface chip. 

• Sockets for 1 K X 8 bytes of program memory (Intel 
4702A PROM) expandable to 4K x 8 using optional 
imm6-26 or imm4-24 modules. 



320 4-bit bytes of data storage (Intel 4002) expandable 
to 2560 X 4 using optional imm4-22 or imm4-24 
modules. 

Four 4-line input ports and eight 4-line output ports 
expandable to 16 input and 48 output ports using op- 
tional imm4-60, imm4-22 or imm4-24 modules. 
Two phase crystal clock. 



imm4-22 Instruction/Data Storage Module 

• This microcomputer module has memory capacity iden- 
tical to the Central Processor Module and is used for 
expanding memory and I/O. 

• Sockets for 1 K bytes of PROM program storage are 
provided. 

• 320 words (4-bit) of data storage are provided. 

• Four 4-bit input ports and eight 4-bit output ports. 



imm4-24 Data Storage Module 

• This microcomputer module has capacity for sixteen 
Intel 4002 RAMS - 1280 words (4-bit) of data storage. 

• 320 words (4-bit) of data storage are provided. 

• A maximum Intellec 4 system may contain up to 2560 
words of storage — decoding for this expansion is 
provided. 

• A 4-bit output port is associated with each RAM on this 
microcomputer module providing sixteen 4-bit output 
ports on each module.' 

• All output ports are TTL compatible. 



imm4-60 Input/Output Module 

• This module provides input and output port expansion 
without additional memory. 

• Eight 4-bit input ports and eight 4-bit output ports are 
provided. 

• Ports on this module are TTL compatible. 
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MICROCOMPUTER MODULES 



MCS-8" 

imm8-82 Central Processor Module 

• Intel's 8008 eight-bit parallel single chip CPU - 
p-channel silicon gate MOS. 

• Accumulator and six 8-bit working registers. 

• Subroutine nesting up to seven levels. 

• Interface to 16K 8-bit bytes of PROM, ROM, or RAM 
via the PROM Memory Module and RAM Memory 
Module. 

• I nterface for expansion to eight 8-bit input ports and 
twenty-four 8-bit output ports, via the I/O and Output 
Modules. 

• Interrupt capability. 

• Two phase crystal clock. 

• All module interfaces are TTL compatible. 



imm8-60 Input/Output Module 

• Four 8-bit input ports (32 lines). 

• Four 8-bit data latching output ports (32 lines). 

• One pair of ports for TTY communication. 

• All input and output ports are TTL compatible. 



imm8-62 Output Module 

• Eight 8-bit data latching output ports (64 lines). 

• All output ports are TTL compatible. 




imm8-82 Central Processor Module 



MCS-80™ 

imm8-83 CPU Module 

• Complete 8-bit parallel central processor module with 
system clocks, interface and control for memory, I/O 
ports, and real time interrupt. 

• Utilizes Intel's high performance 8080 single chip 
n-channel microcomputer. 

• 2.5 /zsecond instruction execution time. 

• 78 basic instructions including the entire 8008 instruc- 
tion set. 

• Direct addressing of up to 64K bytes of any speed ROM, 
PROM, or RAM memory. 

• Unlimited subroutine nesting. 

• Seven working registers — six 8-bit general purpose 
registers and an 8-bit accumulator. 

• Separate 16-bit address bus, 8-bit output bus and 3 
multiplexed 8-bit input busses for I/O Input, memory 
input and interrupt data. 

• Direct addressing of 256 input and 256 output ports. 

• Multiple level real time interrupt capability. 

• Direct memory access capability. 

• All buses TTL compatible. 



imm8-61 I/O Module 

• Four 8-bit input and four 8-bit latching output ports. 

• Directly compatible with imm8-83 central processor 
module. 

• Integral asynchronous serial data communications 
capability and teletype interface. 

• Jumper selectable transmission rates of 110, 1200 or 
2400 baud. 

• Crystal controlled clock. 

• Capable of high speed serial communications to 9600 
baud. 

• TTL compatible. 

imm8-63 Output Module 

• Eight 8-bit latching output ports. 

• Directly compatible with imm8-83 central processor 
module. 

• Decoding provided for the selection of up to 256 
individual output ports. 

• TTL compatible. 
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MICROCOMPUTER MODULES 



COMMON SYSTEM MODULES 



imm6-26 PROM Memory Module 

• Provides sockets for up to sixteen 1 702A electrically 
programmable and erasable PROMs for a system's 
fixed program memory (maximum 4K bytes/module). 

• For volume requirements, Intel 2048-bit mask pro- 
grammed MOS ROMs (1302) may be substituted in 
the same module. 

imm6;28 RAM Memory Module 

• A 4K X 8 n-channel MOS memory system using 
Intel's 1024-bit Static RAM (2102). 

• Address latching, data latching, and module select 
decoding are provided on the card. 

• Provides program storage for up to 4K instructions. 



imm6-70 Universal Prototype Module 

• Accommodates 14, 16, 24, or 40 pin wire wrap 
sockets (maximum of 52 16-pin sockets). 

• Provides breadboard capability for developing 
custom and specialized interface circuits. 

imm6-72 Module Extender 

• Extends Intellec modules out of card chassis for ease 
in test and system debugging. 

imm6-76 PROM Programmer Module 

• Provides all timing and level shifting circuitry for pro- 
gramming Intel's programmable and erasable 1702A 
PROMs. 




IMM 6-28 RAM MEMORY MODULE 



CONVERSION KITS 



imm4-88 



lmm8-88 



The imm4-88 conversion kit provides an upgrade path for 
Intel lee® 4/MOD 4 microcomputer development systems. It 
includes all the hardware and software required to fully 
support 4040 CPU based microcomputer system develop- 
ment. 

The conversion kit contains an imm4-43 CPU module, new 
memory controller, new front panel, and any software re- 
quired. 



NOTE: Due to necessary wiring changes, these conversions 
are done at the Intel factory. Contact local Intel sales- 
men or representatives for instructions. 



The imm8-88 conversion kit provides an upgrade path for 
lntellec®8/M0D 8 microcomputer development systems. It 
includes ail the hardware and software products required 
to fully support 8080 CPU based microcomputer system 
development. With the imm8-88 conversion kit installed in 
an Intellec 8/MOD 8, complete 8080 CPU hardware and 
software development capability is provided. 

The conversion kit is installed by simply plugging in the 
three new hardware modules in the appropriate Intellec 8/ 
MOD 8 chassis connectors and installing the new system 
monitor. The system can be quickly reconfigured to sup- 
port 8080 CPU chip development by replacing the original 
boards and system monitor. 
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OEM COMPUTER SYSTEMS 



SBC 80/10 SINGLE BOARD COMPUTER 



8080A Central Processing Unit 

1 K bytes of read/write memory 

Sockets for 4K bytes of programmable or masked read-only 
memory 

48 Programmable I/O lines with sockets for interchangeable 
line drivers and terminators 



Programmable Synchronous/Asynchronous communica- 
tions interface with selectable teletype or RS232C compati- 
bility. 

Six interrupt request lines. 

Bus drivers for memory and I/O expansion 

Compatable with optional memory and I/O boards. 



The SBC-80/10 is a member of Intel's complete line of OEM computer systems which take full advantage of Intel's LSI 
technology to provide economical, self-contained computer based solutions for OEM applications. The SBC-80/10 is a 
complete computer system on a single 6.75-by-12 inch printed circuit card. The CPU, system clock, read/write memory, 
non-volatile read-only-memory, I/O ports and drivers, serial communications interface, bus control logic and drivers all reside 
on the board. 

Memory and I/O expansion may be achieved using standard Intel boards. Memory may be expanded to 65,536 bytes by 
adding user specified combinations of SBC-016 16K byte RAM boards, SBC-406 6K byte PROM boards, andSBC-416 16K 
PROM boards. Input/output capacity may be expanded to 63 8-bit input ports and 63 8-bit output ports using SBC-508 
Input/Output boards. Each I/O board contains four 8-bit input ports and four 8-bit output ports. Memory and I/O may be 
expanded simultaneously (i.e. 4K bytes of RAM, 4K bytes of PROM, and 48 programmable I/O lines, and a USART) by using 
the SBC-104 Combination board. Expandable backplanes and card-cages are available to support multi-board systems. 




SPECIFICATIONS 

WORD SIZE 

Instruction: 8, 16, or 24 bits 
Data: 8 bits 

CYCLE TIME 

Basic Instruction Cycle: 1.95 /xsec 

Note: Basic instruction cycle is defined as the fastest 

instruction (i.e. four clock cycles) 

MEMORY ADDRESSING 

On-Board ROM/PROM: 0-OFFF 
On-Board RAM: 3C00-3FFF 



I/O CAPACITY 

Parallel: 48 programmable lines 

Note: Expansion to 504 input and 504 output lines can be 
acconnplished using optional I/O boards. 

Serial: (USART) 



Frequency (KHz) 
(Jumper Selectable) 


Baud Rate (Hz) | 


Synchronous 


Asynchronous 
(Program Selectable) 






^16 


v64 


307.2 


._ 


19200 


4800 


153.6 


- 


9600 


2400 


76.8 


- 


4800 


1200 


38.4 


38400 


2400 


600 


19.2 


19200 


1200 


300 


9.6 


9600 


600 


150 


4.8 


4800 


300 


75 


3.49 


3490 


- 


110 
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OEM COMPUTER SYSTEMS 



OEM 



SPECIFICATIONS 



". 


2 


3 


4 


5 


6 


8255 #1 
Control 


8255 #2 
Control 


USART 
Data 


USART 
Control 


E4 


E5 


E6 


E8 


E9 


EA 


E7 


EB 


EC 


ED 



MEMORY CAPACITY 

On-Board ROM/PROM: 4K bytes (sockets only) 
On-Board RAM: IK bytes 

Off-Board Expansion: Up to 65,536 bytes using user 
specified combinations of RAM, ROM, and PROM 

NOTE: ROM/PROM may be added in 1 K byte increments. 

I/O ADDRESSING 

On-Board Programmable I/O 

Port 
Address 

Synchronous: 

5-8 bit characters 

Internal or external character synchronization 

Automatic Sync Insertion 
Asynchronous: 

5-8 bit characters 

Break characters generation 

1, 1-1/2, or 2 stop bits 

False start bit detectors 
Full duplex, double buffered transmitter and receiver 
Parity, overrun, and framing error detection 

INTERRUPTS 

Single-level with on-board logic that automatically vectors 
processor to location 38i6 using RESTART 7 instruction. 
Interrupt requests may originate from user specified I/O (2) 
the programmable peripheral interface (2), or USART (2) 

INTERFACES 

Bus: All signals TTL compatible 
Parallel I/O: All signals TTL compatible 
Serial I/O: RS232C or 20 mil current loop TTY inter- 
face (jumper selectable) 
Interrupt Requests: All TTL compatible 

LINE DRIVERS AND TERMINATORS 

I/O Drivers: 

The following line drivers and terminators are all com- 
patible with the I/O driver sockets on the SBC-80/10. 



Driver 


Characteristic 


Sink Current (mA) 


7438 


l,OC 


48 


7437 


1 


48 


7432 


Nl 


16 


7426 


l,OC 


16 


7409 


NI,OC 


16 


7408 


Nl 


16 


7403 


l,OC 


16 


7400 


1 


16 



I/O Terminators: 

Terminators: 220^/330^ divider or 1 k^* 



220n 
+5 /vV 1 

n 33on 

J- AV * O 



SBC-901 OPTION 



) SBC-902 OPTION 



*Must be ordered separately. 

Bus Drivers: 



Function 


Characteristic 


Sink Current (mA) 


Data 

Address 

Commands 


Tri-State 
Tri-State 
Tri-State 


25 
25 
25 



SYSTEM CLOCK 

2.048 MHz ±0.1% 

CONNECTORS 

Bus: 

86 pin double-sided PC edge connector 

0.156 inch centers 

Mating Connector: Control Data Corp. 
VPB01E43A00A1 
Parallel I/O: 

Two 50 pin double-sided PC edge connectors 

0.1 inch centers 

Mating Connector: 3M 3415-000 or T I H312125 
Serial I/O: 

26 pin double-sided PC edge connector 

0.1 inch centers 

Mating Connector: 3M 3462-000 or Tl H312113 

PHYSICAL CHARACTERISTICS 

Width: 12.00 In. {30.48 cm) 
Height: 6.75 in. {17.14 cm) 
Depth: 0.50 in. {1.27 cm) 
Weight: 14 oz. {0.48 Kg) 

ELECTRICAL CHARACTERISTICS 

DC Power: 

Vcc = +5±5% Ice = 2.9 A max 

Vdd = +12 ± 5% IdD = 150 mA max 

Vbb = -5V±5% lBB = 2mAmax 

VSS = -12V±5% lss= 150 mA max 

Note: Does not include power required for options 
PROM, I/O drivers, and I/O terminators. 



Note: I = inverting N.I. = non-inverting OC = open collector 




intel 



MICROCOMPUTER SOFTWARE PRODUCTS 



The following section contains information on Intel's Cross Software Products and User's Library. These cross products are all 
written in FORTRAN IV and are designed to run on a large computer system while generating code for or simulating one of 
Intel's microcomputers. All these products are also available on several computer timesharing services worldwide. 

included among these products are the PL/M^''^" compilers. The PL/M^"'^' high level programming language was developed by 
Intel for the 8008 and 8080 microcomputers. Use of this language can significantly reduce programming time and costs. 

A partial list of programs in the Intel microcomputer User's Library is also included. New programs are constantly being added 
to the library in a continuing effort to increase the size of the largest commercially available library of microcomputer programs 
In the world. You are encouraged to become a member to reap the benefits of the knowledge and experience of hundreds of 
users. Contributed programs are gratefully accepted. 
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MCS-40 CROSS ASSEMBLER 



Written in ANSI standard FORTRAN IV 

Comprehensive user documentation 

Instantly available on worldwide timesharing services 



Accepts all 4004 and 4040 instructions 

Conditional assembly capability 

Full macro facility 

Hexadecimal or BNPF object code formats 

The IVICS-40 Cross Assembler, MAC40, is a powerful program development tool for Intel's® 4-bit microcomputers, the 4004 and 
the new 4040. MAC40 provides extensive capabilities which reduce the time and effort involved in program development, debug 
and documentation. The cross assembler allows usage of the high speed I/O and text editing capability of a large computer 
system to further shorten the programming task. 

MAC40 translates 4004/4040 machine assembly language instructions into the appropriate machine operation codes. In addition 
to eliminating the errors of hand translation, the ability to refer to program addresses with symbolic names makes it easy to 
modify programs by adding or deleting instructions, or to move the program to another memory location. Full macro capability 
eliminates the need to rewrite similar sections of code repeatedly and simplifies program documentation. Conditional assembly 
permits MAC40 to include or delete sections of code which may vary from system to system, such as the code required to 
handle optional external devices. 

Output from MAC40 may be punched to paper tape in hex format for loading into an Intellec® 4 Development System or may 
be punched in BNPF format to program ROMs. 

MAC40 is written in ANSI standard FORTRAN IV and is designed to run on most large scale computing systems with a 32-bit 
or larger integer format (word size). It is also available for immediate use on several major timesharing services throughout the 
world. 



SPECIFICATIONS 



CAPABILITIES: 

Accepts all 66 instruction mnemonics 
plus 10 pseudo-operators. 

Allows up to 499 labels in standard 
configuration; easily expandable. 

Allows a total of up to 9 levels of 
nested conditional assembly and 
nested macro-calls. 

User definable I/O formats. 

Batch or interactive mode. 



OPERATIONAL ENVIRONMENT: 

Hardware required 

32-bit or larger word size 
12— 16K words depending on 
machine 

Software required 

ANSI standard FORTRAN IV 
compiler 

SHIPPING MEDIA: 

Magnetic tape 

TAPE FORMAT: 

9 Track 80 Byte unblocked 

EBCDIC records 

800 BPI Unlabeled 



TAPE CONTENTS: 

MCS-40^ "^ Cross Assembler 
(FORTRAN IV Source) 

MERGE Source File Editing Program 
(FORTRAN IV Source) 

XCNV4 Conversion Program 
(FORTRAN IV Source) 

DOCUMENTATION PACKAGE 
INCLUDES: 

4004/4040 Assembly Language Pro- 
gramming Manual 

MAC4 External Reference Specification 

Pocket Reference Card 
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MCS-8'"^ CROSS ASSEMBLER 



Accepts all 8008 instructions 

Conditional assembly capability 

Full macro facility 

Hexadecimal or BNPF object code formats 



Written in ANSI standard FORTRAN IV 

Comprehensive user documentation 

Instantly available on worldwide timesharing services 



The MCS-8''"-'^- Cross Assembler, MACS, is a powerful program development tool for Intel's® 8008 microcomputer. MAC8 
provides extensive capabilities which reduce the time and effort involved in program development, debug and documentation. 
The cross assembler allows usage of the high speed I/O and text editing capability of a large computer system to further shorten 
the programming task, 

MAC8 translates symbolic 8008 assembly language instructions into the appropriate machine operation codes. In addition to 
eliminating the errors of hand translation, the ability to refer to program addresses with symbolic names makes it easy to modify 
programs by adding or deleting instructions, or to move the program to another memory location. Full macro capability 
eliminates the need to rewrite similar sections of code repeatedly and simplifies program documentation. Conditional assembly 
permits MAC8 to include or delete sections of code which may vary from system to system, such as the code required to handle 
optional external devices. 

Output from MAC8 may be loaded directly to the 8008 Simulator {INTERP/8) for interactive, symbolic debugging or may be 
punched to paper tape in hex format for loading into an Intellec® 8/Mod 8 Development System. It may also be punched In 
BNPF format to program ROMs. 

MACS is written in ANSI standard FORTRAN IV and is designed to run on most large scale computing systems with a 32-bit or 
larger integer format (word size). It is also available for immediate use on several major timesharing services throughout the 
world. 



MCS-8^" ASSEMBLY LANGUAGE 
PROGRAMMING EXAMPLE: 



001 E 
001 E 
0020 
0022 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
002B 
0020 
002C 
002 D 
002 E 



OEOO 
2609 

C2 

1A 

DO 

21 

2B 

CI 

402000 

83 

1A 
08 
442200 



UMUL 
OALL: 
EXIT: 

REGS: 
UMUL: 



- UNSIGNED INTEGER MULTIPLY 
ARGUMENTS IN & D 
HI ORDER PRODUOT IN B 
LO ORDER PRODUCT IN 
A,B,E AND FLAGS EXCEPT CARRY ALTERED 

MVI B.O 
MVI E,9 



MOV A,C 
RAR 

MOV C,A 
DOR E 
RZ 

MOV A.B 
JNO UMUL1 
ADD D 

RAR 

MOV B,A 
JMP UMULO 



ROTATE CARRY INTO 
PRODUCT - MULTIPLIER 
SHARED REGUSTER 
FORCING NEXT LSB 
INTO CARRY 
EXIT IF 8TH ITERATION 
IF CARRY SET 
ADD MULTIPLICAND TO ' 
PRODUCT 

; ROTATE MOST SIGNIFICANT 
; PRODUCT AND REPEAT LOOP 



SPECIFICATIONS 



CAPABILITIES: 

Accepts all 48 instruction mnemonics 
plus 10 pseudo-operators. 

Allows up to 499 labels in standard 
configuration; easily expandable. 

Allows total of up to 9 levels of 
nested conditional assembly and 
nested macro-calls. 

User definable I/O formats. 

Batch or interactive mode. 
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OPERATIONAL ENVIRONMENT: 

Hardware required 

32-bit or larger word size 
12— 16K words depending on 
machine 

Software required 

ANSI standard FORTRAN IV 
compiler 

SHIPPING MEDIA: 

Magnetic tape 

TAPE FORMAT: 

9 Track 80 Byte unblocked 

EBCDIC records 

800 BPI Unlabeled 



TAPE CONTENTS: 

MCS-S^-"" Cross Assembler 
(FORTRAN IV Source) 

MERGE Source File Editing Program 
(FORTRAN IV Source) 

CONVS Conversion Program 
(FORTRAN IV Source) 

DOCUMENTATION PACKAGE 
INCLUDES: 

8008 Assembly Language Programming 

Manual 

MACS External Reference Specification 

Pocket Reference Card 



Intel 



4004/4040 SIMULATOR 



Simulates all 4004/4040 machine instructions 

Accepts output from MAC40, the Intel® 4004/4040 Cross 
Assembler 

Contains extensive symbolic debugging capabilities 

Written in ANSI standard FORTRAN IV 

Instantly available on worldwide timesharing services 



COMMAND CAPABILITIES: 
Set breakpoints 

Trace program execution 

Dump and modify memory 

Examine and modify registers 

Examine and set I/O ports 

Simulate the 4040 hardware interrupt 

Measure program execution time 



The 4004/4040 Simulator, 
computers. Programs can 
reassembly of the source 
programs. Extensive debug 

INTERP/40 also provides 
number bases. 

INTERP/40 is written in 
integer format (word size). 



INTERP/40, is a complete simulation and debug program for the Intel 4004 and 4040 micro- 
be run, displayed, stopped, and altered allowing step by step refinement without continuous 
program. INTERP/40 provides powerful commands to control the execution of 4004 and 4040 
features are built in to help reduce the time and cost involved in program checkout. 

symbolic reference to storage locations and operation codes as well as numeric reference in various 

FORTRAN IV and is designed to run on most large scale computer systems with a 32-bit or larger 
It is also available for immediate use on major timesharing services throughout the world. 



MCS-40'^'^- PROGRAM DEVELOPMENT CYCLE 



ASSEMBLY 
LANGUAGE 



MAC40 

CROiSS 

ASSEMBLER 







INTELLEC®4 

MODELS 4 AND 40 

MICROCOMPUTER 

DEVELOPMENT 

SYSTEMS 














INTERP/40 
SIMULATOR 






ROM 


















YOUR 

OWN 

SYSTEM 







SPECIFICATIONS 




CAPABILITIES: 

Provides total software simulation of 
the Intel® 4004 and 4040 CPU's. 

Can be run in batch or interactive 
mode. 

OPERATIONAL ENVIRONMENT: 

Hardware required 

32-bit or larger word size 
12-15K words of memory, depend- 
ing on machine 

Software required 

FORTRAN IV compiler 



SHIPPING MEDIA: 

Magnetic tape 

TAPE FORMAT: 

9-track 80-byte unblocked 
EBCDIC records 

800BPI Unlabeled 



TAPE CONTENTS: 

4004/4040 Simulator 

(FORTRAN IV Source) 

MERGE Source File Editing Program 

(FORTRAN IV Source) 

DOCUMENTATION PACKAGE: 

INTERP/40 External Reference 
Specification 
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Intel 



8008 SIMULATOR 



Simulates all 8008 machine instructions 

Accepts output from PL/M^""^' compiler or MAC8 cross 
assembler 

Comprehensive debug features 



Written in FORTRAN IV 

Instantly available on worldwide timesharing services 

Comprehensive user documentation 



The 8008 Simulator, INTERP/8, is a complete simulation and debug program for the Intel 8008 microcomputer. INTERP/8 
provides powerful commands to control the execution of 8008 programs. Extensive debug features are built-in to help reduce 
the time and cost involved in program checkout. 

INTERP/8 simulates execution of all 8008 machine instructions. Programs either compiled on the PL/M^""^' compiler or 
assembled on the MACS Cross Assembler may be loaded directly into INTERP/8 for simulation and checkout. 



INTERP/8 provides commands to: 

• Set Breakpoints 

• Trace Program Execution 

• Dump and Modify Memory 

• Examine and Modify Registers 



• Measure Program Timing 

• Examine and Set I/O Ports 

• Perform Interrupts and Stack Manipulations 

• Perform Address Arithmetic 



INTERP/8 also provides symbolic debugging capability. Memory locations may be referenced by their symbolic names, either 
through labels or variable names. This eliminates the need to know the specific absolute address of each variable or label. 

INTERP/8 is written in FORTRAN IV and is designed to run on most large-scale computer systems with a 32-bit or larger 
integer format (word size). It is also available for immediate use on several major timesharing services throughout the world. 



MCS-8'^'^- PROGRAM DEVELOPMENT CYCLE 



ASSEMBLY 
LANGUAGE 


\ 


MACS 

CROSS 

ASSEMBLER 




\ ^ 


\ 


\ 



pl/m'" 


\ 


PL/M-8 
COMPILER 




\ 


\ 


\ ^ 



INTERP/8 
SIMULATOR 



INTELLEC® 

8/MOD 8 

MICROCOMPUTER 

DEVELOPMENT 

SYSTEM 



YOUR 
OWN 
SYSTEM 



SPECIFICATIONS 



CAPABILITIES: 

Simulates all 48 machine instructions 

Allows full 16K program 

Can be run in batch or interactive 
mode 



OPERATIONAL ENVIRONMENT: 

Hardware required 

32-bit or larger word size 
15— 20K words of memory, 
depending on machine 

Software required 

FORTRAN IV compiler 



SHIPPING MEDIA: 


Magnetic tape 




TAPE FORMAT 




9-track 


80-byte unblocked 


EBCDIC 


records 


800 BPI 


Unlabeled 



TAPE CONTENTS: 

8008 Simulator 

(FORTRAN IV Source) 

MERGE Source File Editing Program 

(FORTRAN IV Source) 

DOCUMENTATION PACKAGE: 

INTERP/8 User's Manual 
INTERP/8 Installation Guide 
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Intel 



MCS-80 " CROSS ASSEMBLER 



Accepts all 8080 instructions 

Conditional assembly capability 

Full macro facility 

Hexadecimal or BNPF object code formats 



Written in ANSI standard FORTRAN IV 

Comprehensive user documentation 

Instantly available on worldwide timesharing services 



The MCS-80 Cross Assembler, MAC80, is a powerful program development tool for Intel's® 8080 microcomputer. MAC80 
provides extensive capabilities which reduce the time and effort involved in program development, debug and documentation. 
The cross assembler allows usage of the high speed I/O and text editing capability of a large computer system to further shorten 
the programming task. 

MAC80 translates symbolic 8080 assembly language instructions into the appropriate machine operation codes. In addition to 
eliminating the errors of hand translation, the ability to refer to program addresses with symbolic names makes it easy to modify 
programs by adding or deleting instructions, or to move the program to another memory location. Full macro capability 
eliminates the need to rewrite similar sections of code repeatedly and simplifies program documentation. Conditional assembly 
permits MAC80 to include or delete sections of code which may vary from system to system, such as the code required to 
handle optional external devices. 

Output from MAC80 may be loaded directly to the 8080 Simulator (INTERP/80) for interactive, symbolic debugging or may be 
punched to paper tape in hex format for loading into an Intel lee® MDS Microcomputer Development System. It may also be 
punched in BNPF format to program ROMs. 

MAC80 is written in ANSI standard FORTRAN IV and is designed to run on most large scale computing systems with a 32-bit 
or larger integer format (word size). It is also available for immediate use on several major timesharing services throughout the 
world. 



MCS-80^" ASSEMBLY LANGUAGE PROGRAMMING EXAMPLE: 



0000 




DECAD: 




0000 


0E08 




MVl C,8 


0002 


AF 




XRA A 


0003 




LOOP: 




0003 


1A 




LDAX D 


0004 


BE 




ADC M 


0005 


27 




DAA 


0006 


12 




STAX D 


0007 


23 




INX H 


0008 


13 




INX D 


0009 


OD 




OCR C 


OOOA 


C20300 




JNZ LOOP 


OOOD 


C9 




RET 



THIS SUBROUTINE PERFORMS DECIMAL ADDITION 
FOR 16 DECIMAL DIGITS ON THE INTEL 8080 
MICROCOMPUTER. 

THE ADDRESS OF THE FIRST OPERAND IS EXPECTED TO BE IN THE 

D AND E REGISTERS AND THE ADDRESS OF THE 

SECOND OPERAND SHOULD BE IN THE H AND L 

REGISTERS. THE RESULT IS STORED OVER THE 

FIRST OPERAND. THE ADDITION IS DONE TWO DIGITS 

AT A TIME. 



; INITIALIZE DIGIT COUNTER (HALF) 
; CLEAR CARRY BIT 

LOAD TWO DIGITS FROM FIRST OPERAND 

ADD TWO DIGITS FROM SECOND OPERAND WITH CARRY 

DECIMAL ADJUST RESULT 

STORE TWO DIGITS OF RESULTS OVER FIRST OPERAND 

INCREMENT ADDRESS OF SECOND OPERAND 

INCREMENT ADDRESS OF FIRST OPERAND 

DECREMENT DIGIT COUNT 

CONTINUE IF MORE DIGITS LEFT 
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Intel 



8080 SIMULATOR 



Simulates all 8080 machine instructions Written in FORTRAN IV 

Accepts output from PL/M^'^- compiler or MAC80 Cross Instantly available on worldwide timesharing services 

A^^'^^'^'' Comprehensive user documentation 

Comprehensive debug features 

The 8080 Simulator, INTERP/80^''^*, Is a complete simulation and debug program for the Intel® 8080 microcomputer. 
INTERP/80 provides powerful commands to control the execution of 8080 programs. Extensive debug features are built in to 
help reduce the time and cost involved In program checkout. 

INTERP/80 simulates execution of all 8080 machine Instructions. Programs either compiled on the PL/M^-*^- compiler or 
assembled on the MAC80 Cross Assembler may be loaded directly into INTERP/80 for simulation and checkout. 

INTERP/80 provides commands to: 



• Set Breakpoints 

• Trace Program Execution 

• Dump and Modify Memory 

• Examine and Modify Registers 



• Measure Program Timing 

• Examine and Set I/O Ports 

• Perform Interrupts and Stack Manipulations 

• Perform Address Arithmetic 



INTERP/80 also provides symbolic debugging capability. Memory locations may be referenced by their symbolic names, either 
through labels or variable names. This eliminates the need to know the specific absolute address of each variable or label. 

INTERP/80 Is written in FORTRAN IV and is designed to run on most large-scale computer systems with a 32-bit or larger 
integer format (word size). It is also available for immediate use on several major timesharing services throughout the world. 



MCS-80"^'^- PROGRAM DEVELOPMENT CYCLE 



ASSEMBLY 
LANGUAGE 


V 


IVIAC80 

CROSS 

ASSEMBLER 




\ ^ 


^ 


\ ^ 



pum" 


V 


PL/M-80 
COMPILER 




\ ^ 


\ 


\ ^ 



INTERP/80 
SIMULATOR 



INTELLEC® \ 
MDS 

MICROCOMPUTER 

DEVELOPMENT 

SYSTEM 



YOUR 
OWN 
SYSTEM 



SPECIFICATIONS 



CAPABILITIES: 

Simulates all 78 machine instructions 

Allows 16K program, easily 
expandable 

Can be run in batch or interactive 
mode 



OPERATIONAL ENVIRONMENT: 

Hardware required 

32-blt or larger word size 
15— 20K words of memory, 
depending on machine 

Software required 

FORTRAN IV compiler 

SHIPPING MEDIA: 

Magnetic tape 



TAPE FORMAT 






9-track 


80- byte un 


blocked 


EBCDIC 


records 




800 BPI 


Unlabeled 





TAPE CONTENTS: 

8080 Simulator 

(FORTRAN IV Source) 

MERGE Source File Editing Program 

(FORTRAN IV Source) 

DOCUMENTATION PACKAGE: 

INTERP/80 User's Manual 
INTERP/80 Installation Guide 
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iny 



PL/M " HIGH LEVEL PROGRAMMING LANGUAGE 
MCS-8 "^ AND MCS-80 "CROSS COMPILERS 



Reduces program development time and cost 
Improves product reliability and eases maintenance 
Available for 8008 and 8080 
Comprehensive user documentation 



Hexadecimal or BNPF object code formats 

Written in ANSI standard FORTRAN IV 

Instantly available on worldwise timesharing services 



PL/M is a high-level system programming language, specifically designed to ease the programming task for INTEL'S 8-bit 
microcomputers, the 8008 and the 8080. PL/M is a powerful tool, well suited to the requirements of the microcomputer 
system designer and implementor. The language has been designed to facilitate the use of modern techniques in structured 
programming. These techniques can lead to rapid system development and checkout, straightforward maintenance and 
modification, and high product reliability. 

The PL/M compilers convert a free-form symbolic PL/M program into an equivalent 8008 or 8080 object program. The com- 
pilers themselves take care of all the details of machine or assembly language programming, which permits the programmer to 
concentrate entirely on effective software design, and the logical requirements of his system. 

Output from the PL/M compiler may be loaded directly into the 8008 or 8080 simulator programs for interactive, symbolic 
debugging or may be punched to paper tape in hex format for loading into an Intellec® Microcomputer Development System. 
It may also be punched in BNPF format to program ROMs. 

The PL/M compilers are written in ANSI standard FORTRAN IV and are designed to run on any large-scale computer system 
with a minimum 32-bit integer format (word size). They are also available for immediate use on several worldwide timeshar- 
ing systems. 



PL/M PROGRAMMING EXAMPLE: 



/• BUBBLE SORT DECLARATION */ 
SORT: PROCEDURE (N) ADDRESS; 

/* N = LENGTH OF A 

COUNT = NR. OF SWITCHES PERFORMED TO-DATE 

SWITCHED = (BOOLEAN) HAVE WE DONE ANY SWITCHING YET ON THIS SCAN? V 
DECLARE (N, I, SWITCHED) BYTE, 

(TEMP, COUNT) ADDRESS; 

SWITCHED = 1; /* SWITCHED = TRUE MEANS NOT DONE YET 

COUNT = 0; 

DO WHILE SWITCHED; 

/* BEGIN NEXT SCAN OF A */ 



V 



SWITCHED = 
DO I = TO N-2; 

IF A(l) > A(l + 1) THEN 

DO; /* 

COUNT = COUNT + l; 
SWITCHED = 1; /* 

TEMP = A(l); /* 

A(l) = A(l + 1); 
A(l + 1) = TEMP; 
END; 
END; 

/' HAVE NOW COMPLETED A SCAN 
END /• WHILE V; 

/• HAVE NOW COMPLETED A SCAN WITH NO SWITCHING 
RETURN COUNT; 



FOUND A PAIR OUT OF ORDER 



SET SWITCHED = TRUE */ 
SWITCH THEM INTO ORDER 



*/ 
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SOFTWARE 



PL/M^ 



SPECIFICATIONS 



OPERATING ENVIRONMENT: 

Required hardware 

32-bit or larger word size 

20 — 25K words of memory, 

depending on machine 

Required software 

ANSI standard FORTRAN IV com- 
piler 



SHIPPING MEDIA: 

Magnetic tape 

TAPE FORMAT: 

9-track EBCDIC 

800 BPI 80-byte unblocked records 

Unlabeled 



DOCUMENTATION PACKAGE: 

8008 and 8080 PL/M Programming 

Manual 

8008 (or 8080) PL/M Compiler 

Operator's Manual 

TAPE CONTENTS: 

PLM Pass 1 (FORTRAN IV Source) 
PLM Pass 2 (FORTRAN IV Source) 
MERGE Source File Editing Program 

(FORTRAN IV Source) 
Sample Test Program (PL/M Source) 
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Intel 



SERIES 3000 CROSS MICROPROGRAMMING SYSTEM 



Built-in series 3000 fields and mnemonics 
User definable fields and mnemonics 
Hierarchical field defaults 
Free field statement format 
String macro capability 



Extended address generation 

Graphical microprogram memory display 

Symbolic label reference directory 

MCU jump address validation 

RAM/ROM/PROM programming file generation 



The Intel® Series 3000 Cross Microprogramming System, CROMIS, is an advanced software system that supports the generation 
of microprograms for custom Series 3000 processor and controller micro-architectures. It provides extensive programming 
facilities that greatly reduce the time and effort required to develop, debug, and document a microprogram. 

CROMIS consists of two major software subsystems, XMAS and XMAP, XMAS is a symbolic microassembler which is dynami- 
cally user extensible in the size and structure of the target microinstruction format. XMAP is a complementary subsystem which 
maps the microinstruction bit patterns produced by XMAS into the desired physical microprogram memory locations. 

In addition to providing four built-in microinstruction fields and corresponding mnemonic sets for the basic 3001 MCU and 
3002 CPE functions, XMAS accepts user definitions for extended microinstruction fields and their associated mnemonics. 
Graphic debugging aids, string macro capability, definable defaults, and extended address generation further simplify the 
microprogramming of Series 3000 computing elements. 

XMAP accepts the microinstruction file produced by XMAS and generates under user specifications one or more programming 
files for use with standard memory components. It enables the user to specify the mapping of the field into the physical bit 
positions of the microprogram memory components. 

CROMIS is designed for use on almost any modern computing system with high speed I/O and on-line file facilities. It is 
available in ANSI (standard) FORTRAN IV source form for user installation or may be immediately accessed on any of several 
major timesharing services throughout the world. To insure the long term reliability and maintainability of CROMIS, all 
component programs are written in a highly modular, structured programming style with extensive operational documentation. 



SPECIFICATIONS 



XMAS CAPABILITIES 

Translates all 3001 MCU and 3002 
CPE mnemonics. 
Dynamically allocates storage for 
labels, values and strings in a user 
expandable data area. 
Accepts microinstruction format defi- 
nitions of up to 64 total bits. 
Provides extended address generation 
for up to 16K microinstructions. 
Includes a four-level user definable 
field default mechanism. 

XMAP CAPABILITIES 

Provides direct or inverted mapping for 
any bit in any microinstruction field. 
Permits explicit 1's or O's to be speci- 
fied for unused bit locations. 
Generates standard BNPF or hexa- 
decimal programming files. 
Accepts memory configuration defini- 
tions from 1 X 1 bits to 16K X 16 bits. 



OPERATIONAL ENVIRONMENT 

Required hardware: 

16-bit or larger word size 

5 rewindable data files (disc or tapes) 
Required software: 

ANSI standard FORTRAN IV 
compiler 

TAPE CONTENTS 

TAPE 1 

Part 1 of XMAS FORTRAN IV 
Source 

TAPE 2 

Part 2 of XMAS FORTRAN IV 
Source 
XMAS Sample Program 
XMAP FORTRAN IV Source 
XMAP Sample Program 
MERGE File Editing Program 



SHIPPING MEDIA 

Two 2400' magnetic tapes 

TAPE FORMAT 

9-track 800 bpi 

80 byte unblocked 

EBCDIC unlabeled 

DOCUMENTATION 

Microprogramming the Series 3000 
XMAS/XMAP Message Summary 
XMAS Installation Guide 

(preamble to XMAS FORTRAN 

source) 
XMAP Installation Guide 

(preample to XMAP FORTRAN 

source) 
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Intel 



MICROCOMPUTER SOFTWARE LIBRARY 
USER'S PROGRAM LIBRARY 

The Intel Microcomputer User's Library is a collection of programs, subroutines, procedures and macros written by users of 
Intel's 4004, 4040, 8008 or 8080 microcomputers. Thanks to customer contributions to the User's Library, Intel is now able to 
make these programs available to all users of Intel microcomputers. By taking advantage of the availability of these general 
purpose routines, the microcomputer design engineer and programmer can save many hours of programming and debugging. 

A complete, documented listing of each program, procedure or macro in the user's library is sent to each member. This includes 
information on the program environment, required hardware and software, subroutine calling sequences and memory require- 
ments. As new programs are submitted to the User's Library, they will be sent to all members. Strict documentation standards 
will be maintained to assure the usability of each library program by every interested member. Several of the available programs 
are listed in this brochure. 




There are two user's libraries, one each containing programs for the Intel 4-bit and 8-bit microcomputer systems, respectively. 
Membership in each user's library is available to any interested person or organization. A yearly membership fee of $100 is 
charged, for which the member receives a manual of all programs in that library and all updates during the year. For those 
prospective members who submit a program to the library, a free one-year membership will be awarded. A submittal form for 
program donation is included in this catalog. More forms may be obtained from any Intel representative. 

Ordering Information 

To become a member, send a program, purchase order, or check to: 

User's Library 
Microcomputer Systems 
Intel Corporation 
3065 Bowers Avenue 
Santa Clara, California 95051 
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MICROCOMPUTER SOFTWARE LIBRARY 
PARTIAL PROGRAM INDEX-4-BIT USERS LIBRARY 



TITLE 

Cross Assembler on PDP-8 

Cross Assembler for NOVA Computer 
BNPF Tape Generator for PDP-8 

MCS-4 Simulator for PDP-8 

MCS-40 Cross Assembler 

Intel MCS-40 Cross Assembler 
and Text Editor 



FUNCTION 

Performs symbolic assembly for 4004 assembly language programs. The assembler 
runs on a DEC PDP-8 minicomputer. 

Assemble MCS-4 programs and program PROMs. 

Produces a BNPF object tape from the output of the PDP-8 assembler modified to 
assemble MCS-4 programs. 

Simulates operation of MCS-4 system; allows breakpoints, dumps, modification of 
RAM or ROM, I/O under user control, provides cycle counter for timing. Accepts 
output of PALS assembler in binary form. 

Program to perform assembly of 4040 programs on an Intellec 8/Mod 80. 

Edit and assemble MCS-40 source language using a Computer Automation Alpha- 
16/Alpha-LSI producing program listings, error diagnostics, source and object tapes. 



All programs listed below will execute on the 4004 or 4040 CPU. 
A Chebyshev Approximation Package 



Parity Checker/Generator 



Parity Generator/ASCII Character 



Code Conversion: ASCII to EBCDIC 



Delay Subroutines 



Bit Manipulation Routine 
Universal Logic Subroutines 

8-bit Parity Check Annex 
Binary to BCD Converter 
Data Compare 

Paper Tape Edit 

lOMEC SERIES THREE {S-3} 
Cartritape to Intel MCS-4 



The package contains approximation routines for sine, cosine, arctangent,, natural 
logrithm (logg), and exponential functions (e'^). It also contains routines for per- 
forming addition, complement, multiplication, and division on 64-bit binary num- 
bers. 

Routine to check or generate parity for 8-bit byte. Utilizes modulo-2 counting 
technique. 

Routine to add even parity bits to 7-bit ASCII character. Utilized modulo-2 count- 
ing technique. 

Table and routine to perform 7-bit ASCII to 8-bit EBCDIC code conversion. Full 
table with 128 entries provided. 

To conditionally generate a selectable time delay of: 

1. 1 through 256 ms in one ms increments 

2. 1 through 256 quarter seconds in one quartersecond increments 

3. 1 through 15 minutes in one minute increments 

AND, OR, XOR, COMPARE, set unselected bits, clear selected bits, test ones. 

Forms logical AND, OR, XOR, XOR functions functions between the contents of 
Registers and 1. 

Compute parity of 8-bit word without affecting any registers or carry. 

Converts 16-bit binary value into BCD. 

Compares two 8-digit numbers and returns a pointer to the greater value in the 
carry. 

Add, correct, or delete lines in generating a new paper tape without manually 

controlling tape reader. 

Routines which allow full control of the lOMEC S-3 by the MCS-4. 
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SOFTWARE 



4-BIT 



TITLE 
I/O Test 

Bowmar TP 3100 Printer Routine 
8-Digit Register Dispaly 
Intellec 4/Mod 40 - Silent 700 Interface 
PROM Dump Utility Program 



PRO FORMA 



Peripheral Interface Routine for a 
Thermal Strip Printer 



MCS-4/40 Dissembler 



Right Justified HEX Data Shifter 

Floating Point Arithmetic 
Subroutine Package 



HEXBCD 

Fast Binary Multiply: 
Selectable Bit Precision and 
Constant Execute Time 

Fast Decimal Multiplication Routine 



Automatic Digital Integration 



Multiply/Divide 8 Decimal Numbers 



Binary to BCD Converter 



FUNCTION 

To exercise all I/O lines to allow for troubleshooting of system design, wiring 
errors, and chip malfunctions. 

This program is to run a Bowmar model 3100 thermal printer. 

Program to display 8 digits of data. 

Program to interface Intellec 4/Mod 40 to Tl Silent 700 terminal. 

This is a program to dump the contents of a PROM in the front panel socket onto 
the teletype printer. The first address and first word is always printed out in the 
form "00-00" as address-contents. All subsequent address contents-listings are 
printed out only if the contents of the respective location are different from the 
contents of the previous location. 

This program assists in the compiling of source code tapes by eliminating errors and 
typing mistakes. In the keyboard mode it will only transmit characters to the paper 
tape punch that are valid in the context of the system assembly language, and 
automatically formats individual lines and pages to suit. 

This subroutine controls the printing of data (numbers and selected characters) on 
thermal print paper using a 4x5 dot matrix thermal printhead. The software pro- 
vides character generation and controls the timing of the print cycle. 

To convert MCS-4 or MCS-40 machine code programs back Into mnemonic or 
assembly code to assist in the modification of programs. 

Shifts HEX digit (four binary bits) into RAM right justified. 

Performs decimal arithmetic on 16-dlgit floating point operands (hexadecimal 
arithmetic is possible with minor changes). Numbers may range from 10"^^^ to 
10^^^. Functions include Addition, Subtraction, Multiplication, Division and a 
normalization routine. 

Convert 2 digit HEX value to decimal range. 

The user loads the Input variables to CPU registers and specifies one of five multiply 
precisions (12x12, 12x8, 8x8, 8x4, 4x4) via a code character In register E. 



This subroutine computes the product (16 digit maximum) of two fixed point 
decimal numbers (each 8 digits maximum). 

Program will detect and integrate peaks from an amino acide analyzer and type out 
the area under the peak on the teletype. Program will detect saddle peaks and do 
simple baseline correction. 

The multiply/divide subroutine calculates the product/quotient by repeated shifted 
additions or subtractions and by incrementing/decrementing the multiplier/ 
quotient. 

Converts an 8-bit binary number to a BCD number. 
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PARTIAL PROGRAM INDEX-8-BIT USERS LIBRARY 
8-BIT MICROCOMPUTER SOFTWARE LIBRARY 



TITLE 

Save/Restore CPU State on an Interrupt 

RAM TEST PROGRAM 

TTY Binary Load Routine 



TTY Binary Dump Routine 



Memory Dump 

PROM Programmer for Intellec 8 
Microcomputer Development System 

Data Transfer Routine 

Move Routine 

Morse Code 



Binary Search Routine 
Floating Point Math Paci<age 



Floating Point Format Conversion 
Package 



16-Bit Multiply 

DECHL 

16- Bit Multiply 

SIMPY16 

L0G2A 



FUNCTION 

Saves the CPU registers and flags to memory at the start of interrupt processing and 
restores the CPU registers and flags after the interrupt has been processed. 

Performs write and read of all zeros and ones, checkerboard test and unique address 
test. The RAM to be tested is successively initialized to a value and then tested. 

Will load memory from a paper tape which Is formatted into blocks of 256 or less 
binary bytes and tests each block against a checksum frame for any read errors. The 
tape format* requires a rubout to indicate start of blocks followed by the starting 
page address, the starting byte address, the word count up to 256 bytes of data and 
a checksum in that order. A block of data may overlap pages but may not exceed 
256 bytes in length. The last block of data should be followed by two consecutive 
rubouts to indicate end of data. Program will then branch to page 000 byte 000. 

Program will punch the contents of memory to paper tape which is formatted into 
blocks of 256 or less binary bytes with checksum. Tape format begins with a 
rubout to indicate start of block followed by the starting page address, starting byte 
address, word count, up to 256 bytes of data and checksum in that order. Start and 
end memory locations are entered from TTY keyboard. 

Lists memory in octal: start and stop point user definable. 

Changes programmer from fixed timing to PROM dependent timing. Program 50% 
more than minimum required, ensuring permanency. 

Transfer a block of data from any location in memory to another. 

Moves a string with a specified length to a specified location in RAM. 

Program receives message text typed on an ASR33 teletype and sends morse code 
equivalent to output port 10 bit 0. It contains a 256 character buffer so that text 
can be typed In faster than it is sent. 

Uses a binary search method to find a character in a table of characters. 

Package contains subroutines for Addition, Subtraction, Multiplication, Division, 
Negate, Absolute Value, and Test of Floating Point Numbers. 

Provides subroutines for conversion between floating point format and ASCII or 
BCD. Functions are: 

1. Floating point to BCD conversion 

2. BCD to floating point conversion 

3. Floating point to fixed point (integer) conversion 

4. Fixed point to floating point conversion 

Multiplication of two 16-bit positive numbers giving a 32-bit result. 

Macro for decrementing the 16-bit binary contents of the H and L registers. 

Performs 16-bit X 16-bit multiplication giving a 16-bit result. 

16-bit 2's complement signed multiply. 

To calculate the Base 2 log of a number between 1 and 256. 
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SOFTWARE 



8-BIT 



TITLE 

Single Precision (8-bit) Multiply/Divide 
Subroutine 



Divre 

BCD To/From Binary Conversion 
Binary Multiplication 

8080 I/O System Status Display 

Binary to BCD Routine 

BCD to Binary Routine 

Match Game 

Bit Masking Subroutine 

Highspeed List 

Read and I nterrupt Modification 

MPY16 

Binary to ASCI I Digit Converter 
Gray to Binary Conversion 
I/O Simulation Macros 

Tape Duplication 

CRCGEN 



16 Bit CRC for polynomial 
X16+X12+X5+1 (polynomial forSDLC) 



CRC16 



CRECH 



FUNCTION 

Five subroutines are provided: 

1. 8-bit by 8-bit multiply for signed integers giving a 16-bit result 

2. 8-bit by 8-bit multiply for unsigned integers giving a 16-bit result 

3. 16-bit by 8-bit divide for signed integers giving an 8-blt result 

4. 16-bit by 8-bit divide for unsigned integers giving an 8-bit result 

5. 16-bit negate (2's complement) 

Performs a 16-bit X 16-bit division giving a 16-bit quotient and a 16-bit remainder. 
Subroutines are provided for: 

1. BCD to binary conversion 

2. Binary to BCD conversion 

Multiplies two binary numbers: 

1. Multiplicand: 24-bits 

2. Multiplier: 1- to 24-bits 

Display current I/O assignment information when invoked by the INTELLEC 
8/MOD 80 MONITOR (Version 1.0). 

Converts binary value (1- to 24-bits) to its BCD value (1 to 8 digits). 

Converts BCD value (1 to 8 digits) to binary value (maximum 24 bits). 

A game to match a player against the processor in a test of logic. 

Subroutines for changing 1 to 16 bits of a command word in RAM. 

Permits use of a high speed printer with the Intellec 8 monitor (Version 1.0). 

Allows printing of headings or operator instructions at the beginning of a Read 
Operation. 

Performs a 16-bit X 16-bit multiply giving a 16-bit result. 

Converts binary numbers to ASCII characters. 

Converts up to 16 bits of cyclic Gray into binary data. 

I/O simulation macros for INTELLEC 8/MOD 80 systems allows simulation of 
input and output instruction based on an assembly time variable. 

Duplicates a tape read in from the high speed tape reader by punching a copy on 
the TTY terminal with a leader added at both ends. 

Ifi 
Generate a 16 bit cyclic redundancy check (CRC) for a data string of up to 2^ 

bytes. The generator polynomial and initial conditions are defined by the user. 

Produces a 16 bit CRC with 8 bit input bytes. Care should be taken with Most/ 
Least bit feeding of the data byte and CRC residue. Does not require a table or 
contain any loops. Requires 24H memory locations and executes in 72.5 jusec. 

This macro calculates a CRC16 check word using the generation polynomial 
X**16+X**15+X**2+1. It can be used to generate a check word for a record that 
doesn't include one or to check that a record including a check word is correct. 

Computes CRC characters for IBM compatible floppy disk. Also works for 
Synchronous Data Link Control (SDLC). 



8-BIT 



SOFTWARE 



TITLE 



FUNCTION 



Legible Paper Tape 
Banner Print and Punch 



Large Character Paper Tape 
Punch Program 



Page Listing Program 

Source Paper Tape to Magnetic Cassette 

I Command 

8080 RAM Memory Test 
Memory Diagnostic Program 

Compare Object Code Tape with Memory 

K, Program Trap 

DEBUG 

Punch Test or TTY Reader/Punch Test 

Reader Test 

TALLEY R2050 HSPTR Driver 

TALLY 

Model 101 Centronics Printer Handler 



High Speed Paper Tape Reader 
with Stepper Motor Control 



Terminal Editor 



The program punches legible characters on paper tape, useful for tape labeling. 

Create, on a listing device or tape perforator, a graphic representation of certain 
ASCII characters. 

The program will convert an inputted TTY ASCII character to a symbolic repre- 
sentation of that character on the paper tape. The program can also be called to 
output the ASCII character in the accumulator so the punch feature can be used by 
other programs such as monitors to print leaders, etc. 

Provide facility for listing information in a paginated, numbered format. This is 
accomplished thru the system software with the console printer. 

Will copy a source paper tape onto a magnetic cassette. End statement must be 
followed by a carriage return. Program will ignore leading blanks. 

This program loads HEX code into sequential RAM locations beginning at the 
address specified. It is useful for loading HEX machine code directly into RAM for 
corrections, debugging, execution, or PROM programming. 

Memory test for Intellec 8/Mod 80 system 

Writes test bytes in any range of memory and compares the written bit combination 
with what is read. Upon detection of a defective memory location, an error message 
is printed specifying the address, reference and actual values. 

This program extends the Intellec 8 system monitor's "Compare" command to 
check the data from a HEX format tape against the current information stored in 
memory. 

This program provides tow traps (search/wait) for debugging other programs which 
use RAM memory. Displays the contents of five registers and the trap address when 
the trap occurs. 

A two PROM debugging package to be used in minimum 8080 systems to Inspect, 
dump, move and find data in memory. 

(1) Tests paper tape (using high speed or TTY reader), 

(2) complete TTY reader/punch test. 

Test high speed paper tape reader or TTY reader. 

Extension to the Intel 8080 monitor to handle a TALLY model R2050 photo- 
electric tape reader at 200 cps. 

Allows Tally 2200 line printer to be used in the assembly stage of programming 
with Intellec 8/Mod 80. 

Accepts character output for Model 101 Centronics printer from assembler or other 
source. Buffers print characters in RAM performing TTY compatible operations 
with control characters. Causes line to be printed upon receipt of linefeed. Counts 
lines and keeps track of pagination. Inserts title at top of each page. 

This circuit and program allow paper tape to be read at approximately 150 char- 
acters per second. The reader is assigned by monitor command "AR=1". The 
program uses electronic damping, under software control, of a stepper motor to 
increase stepping speed and precision. 

Procedure for controlling an ASR733 Texas Instruments terminal equipped with 
RDC (remote control device) option. Search a line in a file contained in cassette 1 
with or without copying on cassette 2. The procedure is linked to the Intellec 
monitor. 
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SOFTWARE 



8-BIT 



TITLE 



FUNCTION 



Intellec 8/Mod 80-Silent 700 Interface 
Interrupt Service Routine 

Interrupt Handler Re-entrant 



8008 Disassembler 



8080 D is- Assembler 



DISASM (8080 Disassembler) 



BIN LB - 8080 System Loader 



Boot 



Octal PROM Programming 



8080 IDLE Analyzer for Approximating 
CPU Utilization 



Real Time Executive 

Read/write Routines for 
Interchange Tapes 

Proportional Power Control 
Image Builder 

Flag Processing Routine 

Software Stack Routines for 8008 

Symbol Table List Routine 



Interface Tl Silent 700 to Mod 80. 

Handles multiple-level Interrupts, saving all registers and flags and outputting the 
status of the current interrupt to an external status latch. 

On processor receipt of an interrupt instruction (RST 0—7), this program saves the 
machine state and previous interrupt level on the stack, transmits the new service 
level to the interrupt control unit (ICU), executes a subroutine corresponding to 
the level interrupt received, then restores the machine and ICU to their pre- 
interrupt state before resuming executing the interrupted program. 

This program is used to obtain an assembly language listing of a machine coded 
program in memory. 

This program inputs a HEX tape and generates a symbolic assembly language pro- 
gram suitable for modifications and/or assembling. 

DISASM is intended as a software development and debugging aid. Operating on 
resident object code, it produces an assembly language equivalent which is printed 
on a TTY terminal. In its present form, the program starts at a given memory 
address and steps sequentially through memory until manually halted. 

Loads HEX format paper tape produced by macro assembler on GE Timesharing 
into 8080 system. Also provides TTY input and output subroutines. BINLD can 
also produce a binary dump of itself for bootstrap loading. 

To allow for bootstrap loading of program and for patching of programs or data in 
memory via the teletype. The program uses less than 200 bytes of memory and may 
be placed in ROM or entered manually. 

This program accepts sets of 3 octal numbers. The fourth character (unless it is a 
rubout) will cause the BYTES to be placed in memory starting at 100H. Any 
invalid octal character input in the first 3 positions will cause a carriage return and 
line feed to be output to the teletype and the line to be ignored. Any number of 
sets may be input (up to the practical limit of 100H). Whenever a "bell" is typed, 
the address of the last valid byte on Page 1 will be displayed on the register/flag 
lights and control will pass to the system monitor. To program the PROM, type 
P100, INN, where NN is the HEX number displayed on the lights. 

Displays amount of time 8080 would have spent in an idle loop. When RUN time is 
compared with idle time, the percent of CPU utilization can be calculated. Time 
display is in memory, in ASCII. 

Performs processor initialization, period and demand scheduling, routine termina- 
tion, and waits during idle time. 

Subroutines read and write blocks and characters for any common audio cassette 
recorder. Variable redundancy allows high-speed or highly reliable operation. 

This program builds an "ON-OFF" image in RAM to allow proportional power 
control using zero crossing solid state relays. 

A routine for contact closure debounding and processing. 

Subroutines provided for PUSH, POP and EXCHange A with top of stack, and to 
save processor state on stack in case of an interrupt, and to restore it again. 

This program will print the user's symbols in alphabetical order followed by the 
address the 8008 Macro Assembler has assigned to each symbol. 
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8-BIT 



SOFTWARE 



TITLE 



FUNCTION 



Digital to Analog Conversion 
for Eight Outputs 



Binary to HEX Routine 

Binary to BCD Subroutine 

HEX to decimal conversion 

"VALUE" ASCII to HEX check 
and convert routine 



BCD input and direct conversion 
to binary routine 



BINDECBIN 



MATH 



Elementary Function Package 



8080 Foating Point Package with 
BCD Conversion Routine 

8080 Least Squares Quadratic 
Fitting Routine 



Floating point procedures 

PL/M floating point interface 

Floating point decimal & HEX 
format conversion 



N-byte Binary Multiplication 
and leading zero blanking 

Subroutine DEMULT 



The program processes a list of eight 16 bit values to generate eight pulse width 
modulated voltages which can be filtered to provide inexpensive digital to analog 
conversion useful for process control or other low speed requirements. 

To read a paper tape in binary (EBCDIC) format from the Intel high speed paper 
tape reader to the MCS-80 system. 

Converts unsigned binary number in D, E to 5 BCD digits. 

Converts any HEX number between and FFFFH to the decimal equivalent. 

Using routines already available in the Intellec 8/Mod 80 monitor, "VALUE", when 
called will get an ASCII character from the assigned console device, check it for a 
valid hex digit and convert it to a four bit memory value which is returned in the 
Accumulator. 

Fast and efficient BCD to binary conversion code. Presented in pseudo subroutine 
form for implementation in ROM to allow reading of BCD input value, conversion 
to binary representation and branching based on loading H & L registers to PC. 

Converts hex numbers input on TTY to decimal numbers and vice versa. Decimal 
numbers must be ended with D, hexadecimals with H. Conversion begins with 
space. If first character input is CR, control is given back to monitor. Largest 
number handled is two bytes binary. 

Includes routines for fixed and floating point arithmetic together with a demonstra- 
tion program that performs algebraic evaluation and allows unlimited parentheses 
nesting. An expression within parentheses can be evaluated and displayed by "=" 
and is preserved as a subtotal, etc. 

Calculates floating point: 
square root 
logarithm 

exponential function 
sine 
cosine 
arc tangent 
hyperbolic sine 
hyperbolic cosine 

Performs floating addition, subtraction, multiplication, division, fixing, floating, 
negation, and conversion from floating point to BCD with exponent. 

Performs summations and matrix manipulation for fitting up to 256 floating point 
X-Y pairs to a function of the form: 

aX^ + bX + c = Y 

Dummy PL/M interface procedures. 

Interfaces PL/M conventions with floating point assembler format. 

The program converts a number of 27 characters maximum to standard 13 digit 
decimal format and to floating point accumulator form in HEX format on the 
teletype. 

The program performs binary multiplication on two numbers and returns a result 
that may be up to 255 bytes in length. 

To multiply M decimal digits by N decimal digits and store the product (7 digits x 3 
digits as written, but easy to expand as required.) 
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SOFTWARE 



8-BIT 



TITLE 

BCD Multiplication 

MUL/DIV multi-precision pack for 8080 

Double precision multiply 

16 Bit Square Root Routine 



Floating Point Square Root 

SQRTF 

Subroutine SORT 

Fast Floating Point Square 
Root Routine 

Natural logarithm 

Subroutine LOG 

Approximating Routine 

Sin X, CosX Subroutines 

RMSTF 



Binary search 



Random Number Generator 
Subroutine 

8-bit Pseudo Random Number 
Generator 



16-bit Random Number 
Generator 



FUNCTION 

Multiplies up to a 6 digit BCD number by a 4 digit BCD number, providing a 10 
digit BCD result. All numbers are unsigned. 

Signed fixed-point binary fraction multiply and divide. Double-precision inputs, 
double-precision output for divide and 4-byte output for multiply. 

To multiply two 16-bit numbers, returning the most significant 16 bits (in address 
form) thru the appropriate registers to the calling program. 

Return 16 bit square root (8 bit whole number joined with 8 bit fraction) of a 16 
bit argument. The result conforms to standard signed number convention; there- 
fore, its highest order bit will always be zero. The argument must have zeros In its 
two highest order bits, for its square root to lie in the valid range of the signed 
result. 

Math & numerical Manipulation Programs. Operations performed are: 
test for negative argument {overflow set and return) 
computation of the square root for positive arguments 

Generates 8 bit root of 16 bit number. 

This subroutine takes the square root of a number in floating point notation. 

Calculate square root of a floating point number by Heron's method. Execution 
time less than 50 ms for any number. 

Computes the natural logarithm of a number between 1 and 65535. 

This subroutine takes the log to any integer base of any positive floating point 
number. 

To solve functions such as the log, the antilog, the sine and the tangent function. 
The program given is set up to solve the antilog (base 2) function. 

Generates sine or cosine accurate to 8 bits of an input angle that is accurate to 8 
bits. Uses a Chebyshev Economizatlon of Taylor Series for Cosine X. Sine X is 
generated by complementing the angle X with respect to 90° (x' = 90° -X) and then 
taking Cosine X. 

To calculate the integration "T" of any continuous function "F(x)" between two 
limits "a" and "b". 

Program searches a table of up to 128 entries. Each entry is composed of a 1 byte 
argument (Search Key) and an associated result. The result field may be up to 255 
bytes for each argument. Result fields must all be the same length. 



Subroutine to generate a random number between and 177g (125 



10v 



The program reads data from page 0, address FF and generates a random number. 
The new number is written back in the same location. All numbers except zero are 
generated. Zero is a disallowed state and is corrected in the program. 

The subroutine implements a linear congruentlal sequence which generates 16-bit 
random numbers. The random numbers produced range from 0000 to FFFF with a 
period less than or equivalent to 2 ** 16. An 8-bit random number is available as 
the upper byte of the 16-bit random number. 

X(N4-1) = (2053*X(N) + 13849)mod 2**16 
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8-BIT 



SOFTWARE 



TITLE 



FUNCTION 



PL/M Histogram Procedure and 
Random Number Generator 



RANDOM$BITS 
Clock Subroutine 

Interrupt Driven Clock Routine 

Calendar Subroutine 

PASS 

Address 

Data Array Move 

Shellsort 

Text Storage Program 

Time Sharing Communications 



A Generalized Stepper Motor 
Driver Program 



Main program generates an 8-bit shift register sequence by XORing the first and last 
bits and shifting the result into the next random numbers bottom bit. 1000 num- 
bers are generated and then histogramed. Histogram procedure sets up an output 
histogram array and then prints the histogram on the TTY when commanded after 
printing. The array is not zeroed so that intermediate results may be displayed 
without effect on the final histogram. 

A Non-multiplicative pseudo-random number generator. 

Maintains a current time of day, decimal adjusted in BCD, of hours, minutes, and 
seconds. Must be invoked once each second, usually by an external interrupt. Time 
is stored in three bytes of memory, in the 24-hour system or optically in the 
12- hour system. 

Updating of clock located in RAM based on 100 ms time intervals. Pulses arriving 
on Interrupt line. Four storage locations reserved for 100 ms counter, sees counter, 
mins counter and hour counter. One location for interval counter one for preset 
interval and one for flag indicating interval has elapsed. Updating of clock takes 
about 70 microsecs. 

Uses three bytes of RAM to store the current date arranged as two BCD digits per 
byte. The date is adjusted for months with 28, 29, 30 or 31 days and February is 
adjusted for leap years 1976, 1980 and 1984. 

Program PASS transfers addresses of parameters between a calling program and 
subroutine. 

Subroutines for dynamic memory allocation and addressing. 

A contiguous array of data may be relocated in memory, regardless of the magni- 
tude and direction of the move. The source and destination array locations may 
overlap. The maximum array size is 2^^ bytes. 

Sorts arrays in place using Shell's method of diminishing increment. 

Allows text to be stored in memory using a letter of the alphabet as a pointer. After 
the message is stored, it can be retrieved by depressing a single key on the TTY. Up 
to 32 messages may be stored and retrieved independently. 

To communicate with medium to large scale computer systems as an external 
time-share user. 

Operations performed by the program are: using entry variables of num'ber of steps, 
clockwise or counterclockwise direction and speed of steps — several programs are 
illustrated for moving a stepper motor in either direction then stopping, moving N 
steps forward then return N steps, moving motor continuously in either direction 
until interrupted by a TTY keyboard entry, also programs using an LED- 
photodetector sensor for absolute motor position. 
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SOFTWARE 



8-BIT 



CROSS PRODUCTS 



Cross Assembler for HP2100 

Cross Assembler for PDP-1 1 

Macro Assembler for PDP-1 1 

Absolute Loader for PDP-1 1 
LDA Tape Format 

8008 Macro Definition Set for 
Assembly on PDP-11 

8080 Macro Definition Set for 
Assembly on PDP-11 
8080 Cross Compiler on PDP-1 1 
Cross Assembler for PDP-1 1 
Cross Assembler for Nova 1200 



Cross Assembler for Nova 1220, 
IBM 360/40 and CDC3300 

Nova Cross Assembler for 

Intel 8080 

Cross Assembler for Nova 

Intel 8008 Cross Inverse Assembler 
for HP 2100 

8080 Cross Assembler for HP 2100 DOS 

8008 Cross Assembler for HP 3000 

8080 Cross Assembler for HP 3000 

PL/M 80 Pass 3 



GAMES 

NIM 

NIM 

Blackjack 

The Word Game 

Gambol 

Mastermind 



Maze 

Game of Life 

Numbers 

Kalah 

An Adaptive Game Program 

Match Game 
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Intel 



MICROCOMPUTER USER'S 
LIBRARY SUBMITTAL FORM 



D 4004 D 4040 D 8008 D 8080 D 3000 



(use additional sheets if necessary) 



Program 
Title 

Function 



Required 
Hardware 



Required 
Software 



Input 
Parameters 



Output 
Results 



Registers Modified: 


Assembler/Compiler Used: 


RAM Required: 


Programmer: 


ROM Required: 


Company: 


Maximum Subroutine Nesting Level: 


Address: 



98-034C 
10-57 



INSTRUCTIONS FOR PROGRAM SUBMITTAL TO MCS USER'S LIBRARY 



1 . Complete Submittal Form as follows: (Please print or type) 

a. Processor (check appropriate box) 

b. Program title: Name or brief description of program function 

c. Function: Detailed description of operations performed by the program 

d. Required hardware: 

For example: TTY on port and 1 
Interrupt circuitry 
I/O Interface 
Machine line and configuration for cross products 

e. Required software: 

For example: TTY routine 

Floating point package 

Support software required for cross products 

f. Input parameters: Description of register values, memory areas or values accepted from input ports 

g. Output results: Values to be expected in registers, memory areas or on output ports 
h. Program details (for resident products only) 

1. Registers modified 

2. RAM required (bytes) 

3. ROM required (bytes) 

4. Maximum subroutine nesting level 
i. Assembler/Compiler Used: 

For example: PL/M 

Intellec 8 Macro Assembler 
IBM 370 Fortran IV 
j. Programmer, company and address 

2. A source listing of the program must be included. This should be the output listing of a compile or assembly. 
Extra information such as symbol table or code dumps is not necessary. 

3. A test program which assures the validity of the contributed program must be included. This is for the user's 
verification after he has transcribed and assembled the program in question. 

4. A source paper tape of the contributed program is required. This insures that a clear, original copy ofthe 
program is available to photo-copy for publication in a User's Library update publication. 



Send completed documentation to: 



Intel Corporation 

User's Library 
Microcomputer Systems 
3065 Bowers Avenue 
Santa Clara, California 95051 
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MICROCOMPUTER TRAINING 
MICROCOMPUTER WORKSHOPS 



Microcomputers are being used in hundreds of applications from simple controllers to complex data processing systems. To 
enable users to bring microcomputers into their applications, Intel is offering a selection of 3 and 4 day workshops that are 
designed to provide you with the "tools" for making optimum use of Intel microcomputers in system development. 

PREREQUISITES: To attain benefit from course presentation, some background in logic design and a basic knowledge of 
programming is necessary. 

ATTENDANCE: Attendance is limited to (15) enrollees. 

TUITION: The fee for each workshop is $350, which includes course materials, computer time, and luncheons. 

SCHEDULE: These workshops are scheduled to be held at Intel Corporation Training Centers in Santa Clara, CA and Boston, 
MA. 

REGISTRATION: Contact your Intel Sales Office for details. 
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TRAINING 



MCS-80/ICE-80 WORKSHOP 



COURSE OBJECTIVE: This workshop will prepare the student to design and develop a system using the Intel 8080 micro- 
processor through the use of lecture, demonstration, and laboratory "hands-on" experience with the Intellec MDS development 
system and ICE-80. 



COURSE OUTLINE: 

DAY1 

Introduction 

a. Microprocessor System 
Fundamentals 
Function/Organization/ 
Programming 

b. Introduction to the 8080 

1. Basic System 

a) CPU 

b) Memory 

c) Input/Output: 
(Programmed/Interrupt/DMA) 

2. Programming Model 

c. Languages 

1. Machine Code 

2. Assembly Language 

3. PL/M 

I nstructions 

a. Input/Output 

b. Register/Memory Reference 

c. Control/Arithmetic 

The Intellec MDS 

a. Function/Operation 

b. System Monitor 

The Text Editor 

a. Structure/Commands 

b. Operation 

Laboratory 

a. Using the System Monitor 

b. Using the Text Editor 



DAY 2 

The Macro Assembler 

a. Syntax/Pseudo-Instructions 

b. Operation 

System Timing 

a. Instruction 

b. Clock 

c. Address/Data 

Input/Output Programming 
Subroutines 

a. Invocation 

b. Stack Memory 

c Parameter Passing 

Teletype Programming Requirements 
The Interrupt System 

a. Definition 

b. RST Instruction 

c. Service Subroutines 

Laboratory 

a. Using the Assembler 

b. Program Assembly and Execution 



DAYS 
Branch Table 

a. Application 

b. Construction 

Direct Load/Store Instructions 
System Monitor Debugging Function 
System Design Process 

a. Memory and I/O Requirements 

b. Bus Control 

c. Clocks 

d. Hardware/Software Trade-offs 

Additional Development Aids 
Laboratory 

a. Program Assembly and Execution 

b. PROM Programming 

DAY 4 

What is "In Circuit Emulation" 

ICE-80 Description 

a. Functional Block Diagram 

b. Theory of Operation 

ICE-80 Laboratory 

a. Operating the ICE-80 

b. Emulating an 8080 Based System 
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PL/M LANGUAGE WORKSHOP 



TRAINING 



COURSE OBJECTIVE: This workshop will prepare the student for writing and debugging PL/M programs using lecture, 
demonstration, and laboratory "hands-on" experience in operating PL/M interactively from a high-speed, time-shared computer 
terminal. 



COURSE OUTLINE: 
DAY 1 
Introduction 

a. Overview of PL/M 

b. Preview of Course 

Definitions 

a. Symbols e. Data Elements 

b. Identifiers f. Expressions 

c. Reserved Words g. Statements 

d. Comments h. Declarations 

Data Elements 

a. Variables 

b. Subscripted Variables 

c. Data Type 

d. Constants 

Operators, Operations and Priorities 

a. Arithmetic 

b. Boolean 

Evaluating Expressions Statements 

a. Redefine 

b. Basic 

c. Conditional 

Blocks 

a. Concept and Use 

b. Scope of Declarations 

1. Global and Local 

2. Nested and Parallel Blocks 

Laboratory 

a. Introduction to Data Terminal and 
Timesharing 

b. Compiling a PL/M Program 

Assignment 

Sample Problem to Flowchart and 
Program Outside Class 



DAY 2 
Review 
Procedures 

a. Declaration 

b. Invocation 

c. Program Construction 

Data References 
Statement Labels 
Unconditional Transfers 
Compile-Time Macro Processing 
Input/Output Processing 
Simulating an 8080 System 
Laboratory 

a. Compile Programs 

b. Execute Programs 



DAYS 

Review 

Memory Mapping 

Assembly Language I nterface 

Interrupt Processing 

Predeclared Variables and Procedures 

a. LENGTH and LAST 

b. Condition Code 

c. Memory Vector 

d. TIME Procedure 

e. Type Transfer 

f. Decimal Arithmetic 

g. Shifts and Rotates 

Laboratory 

a. Compile Programs 

b. Execute Programs 
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SERIES 3000 WORKSHOP 



COURSE OBJECTIVE: This workshop will provide the student with an in-depth understanding of the Series 3000 family 
through the use of lecture and demonstration. Microprogramming and design examples are presented. 



COURSE OUTLINE: 

DAY1 

Introduction 

a. Introduction to Microprogramming 

b. The Series 3000 Component Family 

c. Series 3000 System Overview 

CPU Design Example 

a. CPU System Requirements 

b. Architecture of a CPU 

c. Developing a Macro-instruction Set 

d. Interrupt Handling 

e. Microprogram Mapping 



DAY 2 

Design Techniques 

a. Conditional Clocking 

b. K-Bus 

a Micro-instruction Field Extension 

d. Micro-subroutines 

e. Pipelining 

f. Timing Analysis 

Controller Design Example 

a. Disc Controller System 
Requirements 

b. Architecture of a Disc Controller 

c. Microprogram Implementation 



DAY 3 
Development Support 

a. Introduction to CROMIS, the 
Series 3000 Cross Micro-Assembler 

b. MDS-800 Microcomputer 
Development System 

c. ICE-30 I n-Circuit Emulator 

d. ROM Simulator 

e. Demonstration 



MCS-4/40 WORKSHOP 



COURSE OBJECTIVE: This workshop will prepare the student to design and develop systems using the Intel® 4040 and 4004 
through the use of lecture, demonstration, and laboratory "hands-on" experience with the Intellec 4 MOD 40 development 
system. 



COURSE OUTLINE: 
DAY 1 
Introduction 

a. Basic Microcomputer Block Diagram 

1. Function 

2. Uses 

b. MCS-40 Block Diagram 

1. CPU - 4004/4040 

2. Memory - 4001, 4002, 4308, 
4289 

3. 1/0-4207,4209,4211,4003 
Basic System Timing 

Description of Major Elements of CPU 
MCS-40 Instructions 

a. Basic Machine Instructions 

b. Accumulator Group Instructions 

c. I/O and RAM Instructions 

d. 4040 Group Instructions 

MCS-40 Assembler 

a. Syntax 

b. I/O Formats 

c. Coding Examples 

Laboratory — Intellec 40 Operation 

a. Control Console Use 

b. TTY Input 

c. High-Speed Reader Operation 

Homework Utilizing Assembler 
Language to Code Sample Programs 



DAY 2 

Review Sample Programs 

The Interrupt System 

a. Definition 

b. Instructions 

c. Service Subroutines 

System Monitor Description 
System Development Aids 

a. Intellec 4 MOD 40 

b. Cross Assemblers 

c. User's Library 

System Interrelation 

a. Connections 

1. Hardware 

2. Software 

b. ROM/RAM Configurations 

c. Interface Design 

d. MCS-40 Family Components 

Sample System Design 
Laboratory 

a. Using the Assembler 

b. Debug Using System Monitor and 
Console 



DAY 3 

Review System Design 

Hardware/Software Trade-offs 

Laboratory 

a. Hands-On Programming Time 

b. PROM Programming 

Summary and Course Review 
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TIMEKEEPING CIRCUITS 




Intel 



581 OA 



SINGLE CHIP LCD TIME/SECONDS/DATE 
WATCH CIRCUIT 



On Chip Voltage Multiplier 
Provides 4.5V For Driving SVa 
Digit Field Effect Display 

Only Two Switches Required 
For Complete Operation Of The 
Watch 



Operates With 32.768 kHz 
Quartz Crystal 

Anti-Bounce Protection On 
Switch Inputs 

AM/PM Indication When Setting 
Time 



The 5810A is a low power timekeeping circuit intended for use with 7 segment, 3-1/2 digit field effect liquid crystal displays. All 
of the circuitry required in a Time/Seconds/Date watch is contained on this single chip. 

An on-chip voltage multiplier is incorporated on the 5810A. The multiplier derives a 4 to 4.8 volt display drive supply from the 1.5 
volt battery. This multiplier requires only three external capacitors. 

The 581 OA, in conjunction with an external quartz crystal and trimmer capacitor, oscillates at 32.768 kHz, divides down and 
decodes Seconds, Minutes, Hours, and Date of Month. 

The 581 OA will normally display Hours and Minutes. Closure of the D/C command switch will cause Seconds to be displayed In 
the Minutes position and the Hours will be blanked. A second closure of the D/C command switch will cause the Date to be 
displayed in the Minutes position and Hours to be blanked. A third closure of the D/C command switch will cause a return to the 
normal mode displaying Hours and Minutes. Switch S is used in conjunction with switch D/C for timesetting operations (see 
page 11-4 for description of operation). Thus only two switches are required for complete operation of the watch. 

The colon is flashed at a 1Hz rate in all three display modes. 

To facilitate testing and calibration a fast test input, reset and oscillator calibrate output are provided. These functions are 
described on page 11-4. 

The 581 OA is manufactured with complementary silicon gate MOS. This extremely low power technology is ideally suited for 
the manufacture of devices designed to operate on small batteries for long periods of time. 



CHIP TOPOGRAPHY 



PAD ASSIGNMENT 



113- 
100- 



20 40 



100 120 125 



1. D/C 

2. S 

3. VDD 

4. GND 

5. Capl 

6. Capl 

7. Cap 2 

8. Cap 2 

9. VTT 

10. G1 

11. Fl 

12. A1 

13. B1 

14. G2 

15. F2 

16. A2 + D2 

17. B2 

18. G3 

19. F3 

20. A3 



21. B3 

22. Fast Test 

23. C3 

24. D3 

25. E3 

26. C2 

27. A2 + D2 

28. E2 

29. L 

30. CI 

31. D1 

32. El 

33. K 

34. Common 

35. Calibrate Out 

36. Oscillator Cap 1 

37. Oscillator Cap 2 

38. Oscillator Out 

39. Oscillator in 

40. Reset 
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5810A 



Absolute Maximum Ratings'^ 



Temperature Under Bias -20°C to +70°C 

Storage Temperature -40 C to +125 C 

Supply Voltage Vdd with respect to GND -8.0V to +0.3V 

Voltage on all Inputs or Outputs with respect to GND Vqq -0.3V to +0.3V 

Power Dissipation lOOmW 

*COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



D.C. and Operating Characteristics 

Ta = 25°C; Vdd = -1.6V; fosc = 32.768 kHz, Unless Otherwise Specified. 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


'dd 


Total Average Internal Current 




5 


MA 


No Output Load 






10 


MA 


ImA Output Load 


Vtt 


Multiplier Output Voltage 




-4.8 


V 


Iout = O.OmA 




-4.0 




V 


Vdd=1-5V,Iout=1.0mA 


•iHS 


Switch Input High Current (D/C, S) 




4 


MA 


V,N=OV 


V|L 


Input Low Voltage 


Vdd-0.3 


Vdd+0.4 


V 




V|H 


Input High Voltage 


-0.3 


0.3 


V 




Vdd 

START 


Minimum Oscillator Start Voltage 


-1.4 




V 




Vdd 

BUST 


Minimum Oscillator Sustaining Voltage 


-1.3 




V 




VOLC 


Output Low Voltage Common 




VjT+O.I 


V 


Vtt=-4.0V;Iolc= 1.0mA 


VOHC 


Output High Voltage Common 


-0.1V 




V 


Vtt=-4.0V;Iohc=-1.0mA 


Vols 


Output Low Voltage Segment 




Vtt+0.1 


V 


VTT=-4.0V;loLS=50nA 


VoHS 


Output High Voltage Segment 


-0.1V 




V 


VTT=-4.0V;loHS=-50nA 



BLOCK DIAGRAIVI 



i>- 



R D/C S 



=j= i4pF dr. 2 



cHh-o 



^ -n^ 



L 



PRESCALER 2 



hp^ 



1 



<H 



^ 



:> 



^ 



■\ HOURS 

V^ 12. 



H 



::> 



N DECODE "JFN output "77^ DIGITS 

^ DECODE _13_^ DRIVERS Ji-^/ 2 AND 3 

TT 

■N nprnriF "7"% OUTPUT -T-N, K AND 
^ DECODE JB_^ DRIVERS -1^ DIGIT 1 
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581 OA 



Output Waveforms 



ACROSS 
SEGMENT 



ENERGIZED SEGMENT 



j~i_n_ri,.. 



[UlR 



UNENERGIZED SEGMENT 

i_n_r^ 
\jn_rLJ 



Time Display 



Switch input D/C controls the time display modes. Each closure of switch D/C (D/C input = high) causes a change in the display 
mode in the sequence Hours and Minutes-^ Seconds-*-Date-^Hours and Minutes. The following diagram illustrates this: 





HOURS AND 
MINUTES DISPLAY 




SECONDS DISPLAY 






DATE DISPLAY 








r 


























ll-BD 








••HS 




:i5 








CLOSURE 
OF 


CLOSURE 
OF 




^ 




^ 




^ 












SWITCH D/C SWITCH D/C 
CLOSURE OF SWITCH D/C 







Time Setting 



Switch Input S controls the time setting modes. This switch input is active only when the circuit is in the Hours and Minutes display 
mode. Each closure of switch S (S Input = high) causes a change in the time set modes in the sequence Hours and Minutes-*-Min- 
utes-^Seconds -^Hours-^Date-^Hours and Minutes. Closure of switch D/C when in the Minutes, Hours, or Date time set modes 
will cause that mode to be advanced at a 1 Hz rate. Closure of switch D/C in the Seconds synchronize mode will cause the Minutes 
to be advanced by one and the Seconds to be reset to zero and held until the D/C input is returned high. The colon is displayed 
only in the Hours PM state in the time set mode. The following diagram illustrates this: 



HOURS AND MINUTES 



MINUTES SET 





DISPLAY MODE 






MODE 




SYNCHRONIZE MODE 




MODE 






MODE 








ll:BO 








"N 




r 










■N 






■N 








3D 






H5 






"•\ 






15 








CLOSURE 
OF 


CLOSURE 
OF 


CLOSURE 
OF 


CLOSURE 
OF 




x^ 






^ 






\ 


J 




J 






SWITCH S 




SWITCH S 
CLOS 


URE OF SWITCH S 


SWITCH S 


IN 


SWITCH S 

LON PRESEN 
HOURS PM 


T 





Reset 

The reset input may be used to initialize all time counters to the zero state. All time counters are automatically reset to zero when 
voltage Is initially applied to the circuit. The zero state is 12:00 AM, 00 Seconds, Date. 

Fast Test 

This input by-passes the oscillator stage and prescaler 1, allowing cycling of the counters at rates faster than real time. 

Calibration Output 

This output brings out the oscillator frequency divided by 32 and may be used for calibration of the oscillator. 
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581 OA 



Display Segment Format 



DIGITS Dl, D2 AND D3 TRUTH TABLE 



II . 1*1 . 1 r .. I 

<■ Ell Ici # E2I C2I Ie3 Ic 



NUMBER 


SEGMENTS | 


A 


B 


c 


D 


E 




G 


a 


1 


1 




1 


1 







1 




















E 


1 








1 






3 


1 















H 


















5 


1 















B 


1 








1 






1 


1 


1 













B 


1 


1 






1 






g 


1 


1 














Typical Application 



I 

,768 kHz 

11^ 



■# 



.01 .01 



3 5 6 7 
38 
36 
37 5810 



^ 



5 



FIELD 

EFFECT 

LIQUID 

CRYSTAL 

DISPLAY 
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GENERAL INFORMATION 




GENERAL INFORMATION 



Description 


Page No. 


Ordering Information 


12-3 


Packaging Information 


12-4 


Standard Product Processing 


12-8 


Additional Literature 


12-10 


Sales Offices 


Inside Cover 
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ORDERING INFORMATION 



Semiconductor components are ordered as follows: 



Four or five digit 
device type 
Package Type 

B — Hermetic Package, Type B 

— Hermetic Package, Type C 

D — Hermetic Package, Type D 

H — Hermetic Package, Type C witii 
Quartz Window for EPROIVls 

M — Metal Can Package 

P — Plastic Package 

X — Unpackaged Device 



M — Indicates Military Operating 
Temperature Range 



Examples 

P5101L 
C8080A2 
MD3601/C 
MC8080A/B 



Up to three character 
modifier for power, speed, 
processing, etc. 



CMOS 256 X 4 RAM, low power selection, 
plastic package, commercial temperature range 

80.80A Microprocessor with 1.5 jus cycle time, hermetic 
package Type C, commercial temperature range 

256 X 4 PROM, hermetic package Type D, military 
temperature range, MIL-STD-883 Level C processing* 

8080A Microprocessor, hermetic package Type C, military 
temperature range, MIL-STD-883 Level B processing* 



*On military temperature devices, the /B suffix indicates MIL-STD-883 Level B processing, 
suffix IC indicates fvllL-STD-883 Level C processing. 



Systems boards, kits and software are ordered using designated part numbers 
as shown In this catalog. 

The latest Intel price book should be consulted for availability of various 
options. 
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PACKAGING INFORMATION 



Dimensions in inches 
and (millimeters) 



8-LEAD METAL CAN PACKAGE 
TYPE M 





16-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




SEATING MAX.r- 



(2.794) .110 
(2.286) .090 




. 302)"] 



X, 



.015 MIN. 
(0.381) 
.023 (0.584) 
.014 (0.356) 



J 



.32 

C(8.2 
. -4 



■015(0.381; 
,008 (0.203) 



L008 (O.J 
.400 
~.30O 



16^LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 



16-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 






seatingmax •^•°^°' 

PLANE -loolfj^o,. 



H« — MAX. — ^ 
(8.255) 



I AOO J 
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PACKAGING INFORMATION 



Dimensions in inches 
and (millimeters) 



18-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




.015 MIN. 
(0.381) 
.023 (0.584) 
.014 (0.356) 



=fc 



18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPED 




18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 






.065 (1.651) ~| 

= -=> =_^ — _j =f f .145 (3.683) 

n. nri t j .oso (2.032) 




^ L.OIS (0.381) 
"nr.008 (0.203)11 

. -380 



22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 




22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 




22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 




11-651) I ||| I 

_JL.015 (0.381) 1 
~Tr.Q08 (0.203)11 

L -^ J 

'^ .380 "^ 
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PACKAGING INFORMATION 



Dimensions in inches 
and (millimeters) 



22-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 







145 (3 6 83) ~[ 




JL 



L .015 MIN. 
(0.381) 
.023 (0.584) 
.014 (0.356) 



_JL .015(0.381) I 
r nna in 7nsi ' 



24-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 







no) ~1 



^[^.023 {OSt 



.625 , 

U- MAX, -*\ 
(15.875) 

-JL.015 (0.381) 

T*:oo8 ("Oosyu 

I .700 (17.78) 
r.600 (15.24)1 



24-LEAD HERMETIC DUAL IN-LINE PACKAGE 






TYPEC 



Mfl 



TYPE COR H* 



j^-- 




1.250 (31.750) 


--PIN1 MARK 

.515 (13.08) 
.485 (12.32) 

i NOTE 1 






* 1.180 (29.972) 
















OPTIONAL LID 


■A' 


■B' 


^ NOTE 1 


OPAQUE 


.125 (3.175) 
:065 065?) 


.160 (4.064) 
MAX 




TRANSPARENT* 


.150 (3.81) 
.085 (2.159) 


.190 (4.826) 




OPTIONAL LID 


■A- 


'B' 


OPAQUE 


.125 (3.175) 
.080 (2.032) 


.175(4.445) 
MAX. 


TRANSPARENT' 


.140 (3.556) 
.100 (2.54) 


.195 (4.953) 



(2.540) ■;\°° 



koi5MI 



Unote 1 

(2.032) 
.055 (1.397) 



L, .700 ^! 

1^ Wo 




■ 110(2.794 ) J 
.090 (2.286) 
•TYPE H WITH TRANSPARENT LID 



24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 




(2.794) .110 

10 9BR1 nan ~^ 



24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 




SEATING MAX.'f-588) 
PLANE •■'OOT,2.540)1 



y*— MAX. — H 
(15.8751 
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PACKAGING INFORMATION 



Dimensions in inches 
and (millimeters) 



28-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




C 



J 



^Jl 



U 



-JL-015 (0 

• .008 (0. , . 

L :700 j 



40-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




2.070 (52.578) 




.625 

— MAX. — 

(15.875) 



-JL .015 (0.381) 
' .008 (0.203) ' 



28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPED 






SEATING JM2L___i , 
PLANE .100^,2^]] 

.110 (2.794) I L, 
.090 (2.286) 



J I .140 (3.556) 



I Unfi.; (ifi.111 U M U U 1..015MIN. 
'^ j65 (1.651) H 11 , 

^*^ .040 (1.016) ^U- ' 

032 TYP -*"-^-023 (0.584) 
' (0.831) OU (0.356) 



a 



.015 (0.381) 1 
'.008 (0.203) t 

.700 J 

r ioo n 

(17.78) 
(15.24) 



28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 




40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 





l_[ 




JL, ■ 



.015 MIN. 
(0.381) 
.023 (0.584) 
.014 (0.356) 



40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 
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STANDARD PRODUCT PROCESSING AND 100% SCREENING — 




Optical inspection criteria based on 

MIL-STD-883 Method 2010.1B to 
insure that all devices are free 
from internal defects which could 
lead to failure in normal applications. 
(Monitored by QA) 



Hermetlcity Testing to 

eliminate devices which 
show insufficient 
hermeticity. (Monitored 
byQA) 

Fine leak C DIPs.CERDIPs.and ' 
Metal cans (MIL-STD-883 
Method 1014A)* Gross Leak 
C DIPs and Cerdips only (Method 
101 4C; vacuum omitted and 2 hour pressurization). 




Die Attach 

(Monitored by QA) 



Lead Bonding (Monitored by QA per 
MIL-STD-883 Method 2011 Test Condition D.) 




Precap Visual 
Inspection criteria 

based on MIL-STD-883^^^^^^^^^^^^^;^»^^^ ^^ 

Method 2010. IB to insure 
that after assembly all devices are free 

from defects which could lead to failure 
in normal applications. (Each lot must 

pass a QA acceptance.) 



Metal Can 
Pneupactor for constant acceleration and 

mechanical shock (15,000G for 0.5 msec) 
to insure that all devices are adequately 
die attached, bonded and free from 
package defects. (Not 100% screened. 
Monitored by QA) ( 





Temperature Cycling per MIL-STD-88C 

Method 1010 Test Condition C (10 Cy< 

-65°C to +150°C) to insure that all de\ 

are free from metalization, bonding or 

packaging defects. (Monitored by QA) 



MIL-STD-883 100% screens for class B devices which are performed 
on a "Customer Special" basis are: 

Stabilization Bake (Method 1008) 

Burn-in (Method 1015, conditions A, B, or C) 

MIL-STD-883 Group A Electrical Tests of Method 5005 at maximum 
and minimum operating temperatures are performed on a "Cus- 
tomer Special" basis. 

MIL-STD-883 Group B and C tests are performed periodically to 
provide generic data. Reprints of the reports on these tests are avail- 
able from: 

Product Marketing 

Intel Corporation 

3065 Bowers Avenue 

Santa Clara, California 95051 
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COMPUTER GRADE PRODUCTS* 




*Fine leak limits: All 

devices: 5x10-^ cc/sec. 
Quartz lid devices 
are not tested. 



Electrical Testing at 25°C to 
test conditions and limits which guarantee 
AC, DC and functional performance over 
[ full specified temperature 
range. 



Ceramic DIP and Cerdip 
Centrifuge for constant acceleration 
per IVIIL-STD-883 Method 2001 Test 

I Condition E (30,0006 Y1 plane) 

to insure that all devices are 
Fadequately die attached, bonded 
I free from package defects. 
a,(Not 100% screened; 
monitored by QA) 





Continuity at 

high temperature 
to insure that no 
terminals will open or short at 
high temperatures. (Monitored by QA) 



Plastic 
Deflash, trim and form leads. 
Back fill. (Monitored by QA) 




Final QA Acceptance per 

MIL-STD-883 Method 2009 External 
Visual, and Electrical AC, DC, 

Functional Tests at 25''C with correlated 
limits to guarantee performance over 
full specified temperature range 

(AQL 1%) 



^Consumer Grade Products receive similar processing as applicable. 
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ADDITIONAL LITERATURE 



Intel provides a variety of brochures, users' manuals, and other literature. The list below includes the 
most popular publications available at the time of publication. If you wish to receive one of the listed 
documents or have specific requirements for more detailed information, contact your local 
distributor, sales office, or write Intel Corporation, 3065 Bowers Avenue, Santa Clara, CA 95051, 
Attention: Literature Department. 
International locations also provide selected literature in Japanese, French or German. 



Complimentary Information 

BROCHURES 

MCSrSO^" Brochure 

1^108-40^" Brochure 

Intellec® MDS Brochure 

MCS Users' Library Brochure 

OEM Single Board Computer Brochure 

Selection of best approach with 4K RAMs: 16, 18 or 22 pin. 

REFERENCE CARDS 

8080 Assembly Language reference card 
8008 Assembly Language reference card 
MCS-40 Assembly Language reference card 

RELIABILITY REPORTS 

RR-6 1702A Silicon Gate MOS 2K PROM 

RR-7 2107A/2107B N-Channel Silicon Gate MOS 4K RAMs 

RR-8 Polyslllcon Fuse Bipolar PROMs 

RR-9 Static MOS RAMs 



Manuals and Handbooks 

(Please enclose check or money order payable to Intel Corporation with your order) 

Price 

Memory Design Handbook: The complete source of application information 

on RAMs, ROMs, Serial Memory and Support Circuits $5.00 

8080 Microcomputer Systems User's Manual 5.00 

MCS-8 User's Manual 2.50 

8080Assembly Language Programming Manual 5.00 

8008 Assembly Language Programming Manual 5.00 

8008and 8080 PL/M Programming Manual 5.00 

MCS-40 User's Manual 5.00 

4004and4040Assembly Language Programming Manual 5.00 

Series 3000 Reference Manual 5.00 

Series 3000 Microprogramming Manual 5.00 
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SALES AND MARKETING OFFICES 



ALABAMA 

Barnhill and Associates 
7844 Horseshoe Trail 
Huntsville 35802 
Tel: (205) 883-9394 

ARIZONA 

Sales Engineering, Inc. 
7155 E. Thomas Road, No. f 
Scottsdale 85252 
Tel: (602) 945-5781 
TWX: 910-950-1288 

CALIFORNIA 

Intel Corp.* 

3065 Bowers Avenue 

Santa Clara 95051 

Tel: (408) 985-1321 

TWX: 910-338-0026 

Mac-I 

P.O. Box 1420 

Cupertino 95014 

Tel: (408) 257-9880 

Earle Associates, Inc. 

4433 Convoy Street 

Suite A 

San Diego 921 11 

Tel: (714) 278-5441 

TWX: 910-335-1585 

Intel Corp.* 

1651 East 4th Street 

Suite 228 

Santa Ana 92701 

Tel: (714) 835-9642 

TWX: 910-595-1114 

COLORADO 

Intel Corp. 

12075 East 45th Avenue 

Suite 310 

Denver 80239 

Tel: (303) 373-4920 

TWX: 910-932-0322 



FLORIDA 

Intel Corp. 

1090 NE 27th Terrace 

Pompano Beach 33062 

Tel: (305) 781-7450 

TWX: 510-956-9407 

Intel Corp. 

5151 Adanson Street, Suite 200-3 

Orlando 32804 

Tel: (305) 628-2393 

TWX: 810-853-9219 

ILLINOIS 

Intel Corp.* 
900 Jorie Boulevard 
Suite 138 
Oakbrook 60521 
Tel: (312) 325-9510 
TWX: 910-651-5881 

KANSAS 

Technical Representatives, Inc. 

801 Clairborne 

Olathe 66061 

Tel (913) 782-1177 

TWX: 910-749-6412 

MARYLAND 

Barnhill and Associates 
57 West Timonium Road 
Timonium 21093 
Tel: (301) 252-7742 

Intel Corp.* 

57 West Timonium Road 

Suite 307 

Timonium 21093 

Tel: (301) 252-7742 

TWX: 710-232-1807 

MASSACHUSETS 

Datcom 

55 Moody Street 
Waltham 02154 
Tel: (617) 891-4600 
TELEX: 92-3462 

Intel Corp.* 

187 Billerica Road, Suite 14A 

Chelmsford 01824 

Tel: (617) 861-1136 

TWX: 710-343-6333 



MICHIGAN 

Intel Corp. 

725 South Adams Road 
Suite 288 
Birmingham 48011 
Tel: (313) 642-7018 
TWX: 910-420-1212 
TELEX: 2 31143 

MINNESOTA 

Intel Corp. 

675 Southgate Office Plaza 
5001 West 80th Street 
Bloomington 55437 
Tel: (612) 835-6722 
TWX: 910-576-2867 

MISSOURI 

Technical Representatives, Inc. 

Trade Center BIdg. 

300 Brookes Drive, Suite 108 

Hazelwood 63042 

Tel: (314) 731-5200 

TWX: 910-762-0618 

NEW JERSEY 

Intel Corp. 
2 Kilmer Road 
Edison 08817 
Tel: (201) 985-9100 
TWX: 710-480-6238 

NEW YORK 

Intel Corp.* 

6901 Jericho Turnpike 

Syosset 11791 

Tel: (516) 364-9860 

TWX: 510-221-2198 

Intel Corp. 

474 Thurston Road 

Rochester, N.Y. 14619 

Tel: (716) 328-7340 

TWX: 510-253-3841 

Ossmann Components Sales Corp. 

395 Cleveland Drive 

Buffalo 14215 

Tel: (716) 832-4271 

Ossmann Components Sales Corp. 

280 Metro Park 

Rochester 14623 

Tel: (716) 442-3290 



NEW YORK (conL) 

Ossmann Components Sales Corp. 

1911 Vestal Parkway E. 

Vestal 13850 

Tel: (607) 785-9949 

Ossmann Components Sales Corp. 

132 Pickard Building 

Syracuse 13211 

Tel: (315) 454-4477 

TWX: 710-541-1522 

Ossmann Components Sales Corp. 

140 Pine Street 

Kingston 14201 

Tel: (914) 338-5505 

TWX: 510-247-1941 

Intel Corp. 

55 Market Street 

Poughkeepsie, New York 12601 

Tel: (914)473-2303 

NORTH CAROLINA 

Barnhill and Associates 
913 Plateau Lane 
Raleigh 27609 
Tel: (919) 876-5617 

OHIO 

Intel Corp.* 

8312 North Main Street 

Dayton 45415 

Tel: (513) 890-5350 

TELEX: 288-004 

Intel Corp.* 

27801 Euclid Ave. 

Suite 450 

Euclid 44132 

Tel: (216) 289-0101 

PENNSYLVANIA 

Vantage Sales Company 
21 Bala Avenue 
BalaCynwyd 19004 
Tel: (215) 667-0990 
TWX: 510-662-5846 
Intel Corp.* 
1777 Walton Rd. 
Suite 328A 
Blue Bell 19422 
Tel: (215) 542-9444 
TWX: 510-661-0709 



TENNESSEE 

Barnhill and Associates 
206 Chickasaw Drive 
Johnson City 37601 
Tel: (615) 928-0184 
Barnhill and Associates 
1806CourDeChartres 
Germantown 38138 
Tel: (901) 754-0483 

TEXAS 

Evans & McDowell Associates 

13777 N. Central Expressway 

Suite 405 

Dallas 75231 

Tel: (214) 238-7157 

TWX: 910-867-4763 

Evans & McDowell Associates 

6610 Harwin Avenue, Suite 125 

Houston 77036 

Tel: (713) 783-2900 

Intel Corp.* 

6350 L.B.J. Freeway 

Suite 178 

Dallas 75240 

Tel: (214) 661-8829 

TWX: 910-860-5487 

VIRGINIA 

Barnhill and Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel: (804) 846-4624 

WASHINGTON 

E.S./Chase Co. 
P.O. Box 80903 
Seattle 98108 
Tel: (206) 762-4824 
Twx: 910-444-2298 



CANADA 

Multilek, Inc. 
4 Barren Street 
Ottawa, Ontario K2J 1G2 
Tel: (613) 825-4695 
TELEX: 053-4585 



EUROPEAN MARKETING OFFICES 



BELGIUM 

Intel International 
Rue du Moulin 5 Papier 
51-Boite 1 
B-1160 Brussels 
Tel: (02) 660 30 10 
TELEX: 24814 



FRANCE 

Intel Corporation, S.A.R.L. 

74, Rue D'Arcueil 

Silic 223 

94528 Rungis Cedex 

Tel: (01) 687 22 21 

TELEX: 270475 



SCANDINAVIA 

Intel Scandinavia A/S* 

Lyngbyvej 32 2nd Floor 

DK-2100 Copenhagen East 

Denmark 

Tel: (01) 18 20 00 

TELEX: 19567 

Intel Sweden AB* 

Box 86 

S-16212 Valllngby 1 

Sweden 

Tel: (08) 37 53 70 

TELEX: 13164 (ABCENT) 



ENGLAND 

Intel Corporation (U.K.) Ltd.* 
Broadfieid House 
4 Between Towns Road 
Cowley, Oxford 0X4 3NB 
Tel: (0865) 77 14 31 
TELEX: 837203 



GERMANY 

Intel Semiconductor GmbH* 

Wolfratshauserstrasse 169 

D8 Munich 71 

Tel: (089) 79 89 23 

TELEX: 5-212870 

Intel Semiconductor GmbH* 

06272 Neiderhausen 

Wiesenweg 26 

Tel: (06127) 2314 



ORIENT MARKETING OFFICES 



JAPAN 

Intel Japan Corporation* 

Flower Hiil-Shinmachi East BIdg. 

1-23-9, Shinmachi, Setagaya-ku 

Tokyo 154 

Tel: (03) 426-9261 

TELEX: 781-28426 



HONG KONG 

01 (Far East) Ltd. 

Tak Van Commercial BIdg. 6th floor 

30-32 D'Aguilar Street, Central 

Hong Kong 

Tel: 5-260311 

TELEX: 83138 JADE HX 



TAIWAN 

Taiwan Automation Co.* 

8th Floor, 140, Section 1 

Chung Hsiao E. Road 

Taipei 

Tel: 393-33-34 

TELEX: 1 1942 TAIAUTO 



TAIWAN (conL) 

Asionics-Taiwan, Inc. 

205 Pa-Teh Road, Section 4 

Taipei 

Tel: 75 55 82 

TELEX: 22158 Asionics 



INTERNATIONAL DISTRIBUTORS 



AUSTRALIA 

A. J. Ferguson (Adelaide) PTY, Ltd. 

44 Prospect Rd. 

Prospect 5082 

South Australia 

Tel: 269-1244 

TELEX: 82635 

AUSTRIA 

Bacher Elektronische Gerate GmbH 

Meidlinger Hauptstrasse 78 

A 1120 Vienna 

Tel: (0222) 83 63 96 

TELEX: (01) 1532 

BELGIUM 

Ineico Belgium S.A. 
Avenue Val Duchesse, 3 
B-1160 Brussels 
Tel: (02) 660 00 12 
TELEX: 25441 

DENMARK 

Scandinavian Semiconductor 
Supply A/S 
20, Nanasgade 
DK-2200 Copenhagen N 
Tel: (01) 93 50 90 
TELEX: 19037 



FINLAND 

Fintronic AB 
Karjalankatu 2C, 
SF 00520 
Helsinki 52 
Tel: (90) 73 54 88 
TELEX: 123107 

FRANCE 

Tekelec Airtronic 
Cite des Bruyeres 
Rue Carle Vernet 
92310 Sevres 
Tel: (1)027 75 35 
TELEX: 250997 

GERMANY 

Alfred Neye Enatachnik GmbH 

Schillerstrasse 14 

D-2085 Quickborn-Hamburg 

Tel: (04106) 6121 

TELEX: 02-13590 

HONG KONG 

ASTEC International 
Keystone House, 2nd Floor 
Hankow Road, Kowloon 
Tel: 3-687760 
TELEX: 74899 ASCOM 



ISRAEL 

Telsys Ltd. 
54, Jabotinsky Road 
IL-Ramat-Gan 52 464 
Tel: (3) 73 98 65 
TELEX: 32392 

ITALY 

Eledra3SS.P.A. 

Viale Elvezia, 18 

20154 Milan, 

Tel: (02) 3493041 

TELEX: 39332 

Eledra 3S S.P.A. 

Via Giuseppe Valmarana, 63 

00139 Rome, Italy 

Tel: (06) 81 27 290-81 27 324 

JAPAN 

Pan Electron 
No. 1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4773 



NETHERLANDS 

Ineico Nederland 
AFD Elektronic 
Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel: (020) 934824 
TELEX: 14622 

NORWAY 

Nordisk Elektronik (Norge) A/S 

Mustads Vei 1 

N-Oslo 2 

Tel: (02) 55 38 93 

TELEX: 16963 

SOUTH AFRICA 

Electronic Building Elements 

P.O. Box 4609 

Pretoria 

Tel: 78 92 21 

TELEX: 30181 

SPAIN 

Interface 

Ronda General Mitre #7 

E-Barcelona 17 

Tel: (93)203-53-30 

TELEX: 54543 



SWEDEN 

Nordisk Electronik AB 

Fack 

S-103 Stockholm 7 

Tel: (08) 248340 

TELEX: 10547 

SWITZERLAND 

Industrade AG 

Gemsenstrasse 2 

Postcheck80-21190 

CH-8021 Zurich 

Tel: (01) 60 22 30 

TELEX: 56788 

UNITED KINGDOM 

Rapid Recall, Ltd. 

11-15 Betterton Street 

Drury Lane 

London WC2H 9BS 

Tel: (01) 379-6741 

TELEX: 28752 

G.E.C. Semiconductors Ltd. 

East Lane 

Wembley HA9 7PP 

Middlesex 

Tel: (01) 904-9303 

TELEX: 923429 

*Field Application Location 
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